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Description 
Field of the Invention 
5 [0001] The invention relates to a blood processing assembly. 

Background gt the Invention 

[0002] Today people routinely separate whole blood by centritugation into its various therapeutic components, such 

10 ^SSS^tSn^ - durab,e centre equipment, as^ ^-Jj-j 
steTe processing systems, typically made of plastic. The operator loads the disposable systems upon the centnfuge 

is riurino use As a result loading and unloading operations can be time consuming and tedious. 

S Disable sterns are often preformed into desired shapes to simplify the loading and unloading process. 

However this approach is often counterproductive, as it increases the cost of the disposables. 

m US-aT526.515 discloses a fluid pumping assembly that can be mounted on and connected to a. tood 

processing apparatus. The pumping assembly comprises a fluid circurt module havmg an anay of flexible condurts 
20 defining a prearranged fluid circuit. 

Summary of the Invention 

[0007] The present invention makes possible improved blood processing systems that provide easy access tc » ex- 
25 ernal and internal components for loading and untoading disposable processing components. The invention achieves 
Sb^ 

S s a separation eLent for separating blood from a source into a first <>»^^^^^ 
so MdpathLconveyingbloodbetweenth 

halg a housing defining an interior, first and second 

Tment a S port on the housing attachable to a length of tubing that extends externally from the housing a d 
wrT Zt of the associated fluid path liquid passages formed within the housing and communicat.ng with the liquid 
ss .^.C^^EISni p q ump P port, and valve means formed with, the housing 

flow through the liquid passages and through the associated fluid path, wherein the valve means open and close in 
eTponse^ 

Z(534) that divides the housing (110) into a first interior area (114) and a second JjJ 
Zsaqes (F1 to F19) being formed within the first interior area (114) and the valve means (V1 to, V10) be.ng formed 
40 E the second interior area (112), and a first generally rigid wall (118) overlies the first intenor area (114 and 
eTX seaTs the liquid passages <F1 to F1 9), and a second generally flexible wall (116) overl.es the second .n tenor 
Tea^ 

Lt least one liquid passage. The sensing chamber transmits information regarding fiquid pressure present wrthm the 
one liauid Dassaqe to an external sensing element. 

[Mil? InTprelred embodiment, the invention provides a processing apparatus that -ncludes an operat.ng station 

50 mTZ^SZ^^ a **** **** ,or ho * 9 ,he casse,,e in a desired r n,a,ion °v he rt 

T^e apparatuSso includes a peristaltic pumping element, a valve actuating element, and a sensing etement^The 
leriSc pumping element is arranged with respect to the gripping element to engage the flexible ^tub.ng loop when 
Z cas etEn the desired orientation on the station to pump fluid through the liqu,d passages. The valve actual ng 
55 etm^rTged with respect to the pumping element to register with and apply externa, force to the cassette valve 
s^whenTe 9 cassette is in the desL orientation on the statton to control liqutf flow in the cassette passages. A 
ZZ Telernent is arranged with respect to the pumping station to register with and sense quid pressure transmitted 
by the cassette sensing chamber when the cassette is in the desired onentation on the station. 
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[0013] In a preferred embodiment, the processing apparatus also includes an element for separating blood compo- 
nents that communicates with the lubing attached to the liquid port ol the cassette. 

[00141 Another aspect of the invention provides a blood processing assembly that includes a separation element for 
separating blood from a source into a first component and a second component. A first fluid path conveys blood from 
5 the source to the separation element. A second fluid path conveys the first component from the separation element, 
while a third fluid path conveys the second component from the separation element. 

f0015] According to this aspect of the invention, the first, second, and third fluid paths include, respectively, first, 

second and third flow cassettes. The cassettes centralize pumping and vatving functions of the system. 

[00161 ' Each cassette includes a housing with first and second pump ports. A flexible tubing loop extends between 

w he first and second pump ports outside the housing for engagement with an external peristaltic pumping element. A 
liquid port on the housing is attachable to a length of tubing that extends outside the housing and forms a part of the 
associated fluid path. Liquid passages formed within the housing interior communicate with the liquid port, the firs 
Dump port and the second pump port. Valve stations formed within the housing are responsive to the ^Plication d 
external force for controlling liquid flow through the liquid passages and. thus, through the associated fluid path. 

is [00171 In a preferred embodiment, the cassettes serve to segregate the flow paths of the blood components from 
each other In this embodiment, the second cassette conveys the first component from the separation element through 
,he second fluid path in a way that bypasses the first fluid path, thereby isolating the first component from the source 
blood In this embodiment, the third cassette conveys the second componenl from the separation element through the 
third fluid path in a way that bypasses the first and second fluid paths, thereby isolating the second component from 

20 the first component and the source blood. .. . U1 ■ i„ 

r0O18l In a preferred embodiment, the separation element comprises a chamber in which blood is separated in 
esoonse to centrifugal force. In this embodiment, the assembly comprises a closed stenle blood flow path. 
f0 oi91 In a preferred embodiment, at least one of the cassettes includes a sensing chamber formed within the housing 
along at least one liquid passage for transmitting information regarding liquid pressure present within the one liquid 

25 raoSl 98 In a preferred embodiment, the cassette includes third and fourth pump ports that are located opposite to the 
first and second pump ports. In this arrangement, the first flexible tubing loop extends between the first and second 
pump ports outside the housing for engagement with a first external peristaltic pump rotor, while a second flexible 
tubing loop that extends between the third and fourth pump ports outside the housing for engagement with a second 

30 external peristaltic pump rotor. 

• f0021l The cassette serves in association with a processing apparatus that includes an operating station for the 
cassette. The operating station includes a gripping element for holding the cassette in a desired orientation on the 

fOOSai The operating station also includes a peristaltic pumping element arranged with respect to the gripping ele- 
35 ment The pumping element comprises oppositely spaced pump rotors that simultaneously engage, respectively, the 
first flexible tubing loop and the second flexible tubing loop when the cassette is in the desired orientation on the station 

to pump fluid through the liquid passages. 

r00231 The operating station further includes a valve actuating element arranged with respecttothe pumping element 
to register with and apply external force to the cassette valve stations when the cassette is in the desired orientation 
40 on the station to control liquid flow in the cassette passages. _ 

[0024] In a preferred embodiment, the processing apparatus includes an element for separating blood components 
that communicates with the tubing attached to the liquid port of the cassette. 

[0025] The features and advantages of the invention will become apparent from the following description, the draw- 
ings, and the claims. 

45 

Brief Description of the Drawings 
[0026] 

50 Fiq 1 is a perspective view of a centrifugal assembly; 

Fig' 2 is an exploded perspective view of a disposable fluid processing assembly usable in association with the 

centrifuge assembly shown in Fig. 1; . 

Fig. 3 is a perspective view of a centrifugal processing system comprising the centrifuge assembly shown in Fig. 

1 and the fluid processing assembly shown in Fig. 2 when associated for use; 
55 Fig. 4 is an exploded perspective view of a fluid control cassette that is incorporated in the fluid processmgassembly 

shown in Fig. 2. , . 

Fiq 5 is a perspective view of the front side of the cassette body shown in Fig. 4; 

Fig! 6 is a plan view of the fluid circuits and interconnecting valve and sensing stations that the cassette body 
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shown in Fig. 4 carries, looking at the back side of the cassette body; 
Pin 7iQ fl Aide view of the cassette body, taken generally along line 7-7 m Fig. 6, 

Rg 9is a plan view, taken on the back side of the cassette body, of the cassette shown * Fig. 4. with the tubing 

^oCC^ewXorganizer^y mat theflukt processing assemb* shown in Fig. 2 incorporates; 
F fa n is TeSed view of the packaging of a representee fluid circuit wrthin the tray shown .n Rg. 10, 
Fig 2 s a P e s P p 7cSe view of the ffukf circuit and tray shown in Fig. 11 . when unpacked and ready Men 
Fig! isfs an enlarged perspective view of the drip chamber associated with the flu.d c.rcurt, held ,n the hand of 

Rg. Ute an enlarged perspective view of the drip chamber shown in Fig. 13 being squeezed by the. user for air 

Rg: 16 is an eroded perspective view ol the umbilicus associated wtth the fluid process>ng assembly shown .n 
Fig. 17 is a side section view of the thrust bearing member carried by the umbilicus, taken general* along Una 

« ~m shown in Fi 9 . ,. „»h the » ***** aeeamp,, 

it* l« use Z Unions broke* away 10 show I. compartment that hoosea ,ho aasoca.eP bentntage. 
fT 2 A *»a.ioo .law Irk. Fig 2., bol .how*g IP. angiad r.la,ionePip o( th. «.no» oomponama. 

It 2! a o.rspectiv. vkrw ol tne compartment with the door opened to gap acceee to the centrrtug., 
fig. % I . SS Iw o. th. hc*in 9 eBtic™ Icoatad op Ih. aloppd trc« panel o, ,h. onlplttg. 

^r.s™r„=ca:= 

fif^d^ec^ 

2? and also likto in an placed aid. .action view tho interior a .n seriated pamp modala 
Hg " n TeSop *» o. Ihe caaeett, lowered upon the caaattp PoBinp station aho» ,n F,g. 25, „,„ me 

45 the pump module shown in Fig. 26 incorporates; 

Fig 36 is an assembled perspective view of the roller location mechanism shown in F,g. 35 _ 

Hgs 37 and 38 are top views of parts of the roller beating mechanism shown .n F,gs. 35 and 36, wrth the rollers 

F™" 

50 Sr*^ aTeSwctive views of the sefl-foading mechanism of the pump module; 

PS'. ZaZubTZZL* skfe views of aspects of the seeding feature that the pump module ,n- 

RgTSand 46 are top view of the pump module showing the retraction and extensbn of the rollers to perform a 

" £"2 taf eroded perspective view o, the centrifuge shown in Figs. 21 and 22 showing the structure that 
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Fig 49 is an enlarged perspective view ot the centrifuge shown in Figs. 21 and 22, with the associated chamber 

S^S Xt£E5ZS2 Sa assemb* shown in Fig. , , w*h porttons -ng ™y to 
show the interior compartment housing the centrifuge (also shown in Fig. 49), with the assorted chamber as- 

the bowl to receive a disposable processing chamber; • 
Figs 53 and 54 are enlarged perspective views of the latch and receiver elements associated with chamber as- 
sembly, with Ihe elements shown latched together in Fig. 53 and unlatch apart in Fig. 54; 
Fig 55 a an exploded perspective view of the latch element shown in Figs. 53 and 54; 
Figs 56 and 57 are enlarged side section views of the latch and receiver elements shown in Figs. 53 and 54, with 
the elements shown latched together in Fig. 56 and unlatched and apart in Fig. 57, _ ralinn 
Figs 58 and 59 are side views of the centrifuge shown in Fig. 49, wrth the chamber assembly ,n » opening 
position and the umbilicus of the fluid processing assembly held by upper, tower, and middle mounts for rotation, 
Rqs 60 to 62 show the upper umbilicus mount in association with the upper umbilicus support member. 
Figs 63 and 64 show the middle umbilicus mount in association with the umbilicus thrust beanng member. 
Fins' 65 to 68 show the lower umbilicus mount in association with the lower umbilicus support member. 
Fig 69isadiagrammaticviewof the umbilicus when held by thecentrifuge mounts in the desired orientation for use; 
Figs. 70 to 75 show the steps by which the user sets up the tray-mounted fluid processing assembly on the cen- 

Rgr76toT9 b s y h ; ow?he steps by which the user removes and disposes of the fluid processing assembly after a 
given processing procedure. 

Description of the Prefe rred Embodiments 

[00271 Figs. 1 to 3 show a centrifugal processing system 10 that embodies the features of the inven,i ° n / h ^ s, a e n "; 
0 can be used for processing various fluids. The system 10 is particularly well suited for processing whole blood and 
other suspensions of biological cellular materials. Accordingly, the illustrated embodiment shows the system 10 used 

1m28] ^ThTsystem 10 includes a centrifuge assembly 12 (see Fig. 1) and a fluid processing assembly 14 (see Fig. 

2) used in association with the centrifuge assembly (see Fig. 3). ™ tonanr „ 

[0029] The centrifugeassembly 12 is intended to be a durable equipment item capable of long Jrm. maintenance 
See use. The fluid processing assembly 14 is intended to be a single use, disposable item loaded on the centrifuge 
assembly 1 2 at time of use (as Fig. 2 shows). 
[0030] As will be described in greater detail later, the operator removes the fluid processing assembly 14 from the 
centrifuge assembly 12 upon the completing the procedure and discards it. 

40 I. THE FLUID PROCESSING ASSEMBLY 

[0031] Fig. 2 shows an exploded view of the disposable processing assembly 1 4 that is usable in association with 

45 chamber 16 to centrifugally separate blood components. The construction of the processing chamber 16 can vary. A 
preferred construction will be described later. 

[0033] The processing assembly 14 includes an array of flexible tubing that forms a fluid circuit 18. The fluid c.rcurt 
18 conveys liquids to and from the processing chamber 16. „,u„^ ri i„ no 
[0034] Thefluidcircuit 18 includes a number of containers 20. In use, the containers 20Mon hangers on the centrifuge 
so assembly 12 (see Fiq 2) to dispense and receive liquids during processing. JO „ A 
' [S The fluid circuit 18 includes one or more in line cassettes 22. Fig. 2 shows three cassettes, designated 22A; 

SweT'Tto cassettes 22A/B/C/ serve in association with pump and valve stations on the centrifuge assembly 12 to 
direct iquidflowamong the multiple iquid sources and destinations during a blood processing procedure^ The cassettes 
22A/B/C centralize the valving and pumping functions to carry out the selected procedure. Further details of these 

together to form an umbilicus 24. The umbilicus 24 links the rotating parts of the processmg assembly 14 (principally 
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70 



15 



the processing chamber 16) with the nonrotating. stationary part of the processing assembly 14 (principally the cas- 

Ste S and containers 20). The umbilicus 24 links the rotating and stationary parts ot the process^ assembly 14 

wthoutusl Sating seals Further details of a preferred constructs for the umbilicus 24 w* be provrded later 

m Tthet stated and preferred embodiment, the fluidcircuit 18 preconnects the processrng chamber 16. the 

containers 20 and the cassettes 22. The assembly 14 thereby forms an integral, sterile unit. 

SSmo thelstrated and preferred embodiment, the entire processing assembly 14 is packaged for use wjhjn an 

SLe tray 26 The tray 26 holds the processing chamber 16. the containers 20. the cassettes 22. and fluri a curt 

Z an ^ord7rty compact package before use. During use (see Fig. 3). the organizer tray 26 mounts on the centnfuge 

assembly 12 After processing, the tray 26 receives the processing assembly 14 for disposal 

[oSS Further deteils of the organizer tray 26 and the set up and removal of the processing assembty 14 will be 

described in greater detail later. 

(I) The Fluid Processing Cassette 

[0041] Each cassette 22A/B/C shares the same cons^^^^ 

5»21 As Figs. 4 and 5 best show, the cassette 22 includes an injection molded body 110 «^ fe ^^^ 
LVan interior wall 534 to present a front side 112 (see Fig. 5) and a back side 114 (see Fig. 4 For the purposes of 
desTriPt on the front side 112 is the side of the cassette 22 that, in use, faces toward the centnfuge assembly it 



20 [0043] 

the back side 1 1 4 of the cassette 



K5T wall 534, and back pane, 118 are preferabty made of a rigid medical grade p^ 

Sal The diaphragm 116 is preferably made of a flexible sheet of medical grade plasty The diaphragm 116 and 
back pane. 118 a^e sealed about their peripheries to the peripheral edges of the front and back s,des 112/114 of the 



" SSKsT AsFigs 4and5a.sobestshow,thef ro ntandbacksides112/114oftheca S serte22containprefomi^ 

pSSq On the tront side 112 of the cassette 22 (see Fig. 5). the cavities form an array of valve staHons V N and an 

30 SSTtSS. stations V N communicate with the liquid paths F N to interconnect them in a pr^etemr lined manner. 
Thesens inq stations S N also communicate with the liquid paths F N to sense pressures in selected reg ons. 
K The number and arrangement of the liquid paths F N , the valve stations V N , and the sensing sta .ons * .can 
SJln the illustrated embodiment; the cassette 22 provides nineteen liquid paths F1 to F1 9, ten valve stations V1 to 

35 ^£Z£££J£> VW10 and S1/S4 resembie shallow we,, open on « 

112 (see Fig 5) As Figs. 7 and 8 best show, upstanding edges 120 rise from the interior wall 534 and peripherally 

Ech valve statin V N includes a pair of through holes or ports *£™^£S£X 
5 and 8) The ports 122A/B each open into selected different liquid paths F N and F N , (see Fig. 8) on he back s.ae 
of tS cassette 22 One of the ports 122A is surrounded by a seating ring 124. while the other is no (see F,g. 8). 
r0052T Th sensing stations S1/S4 are likewise closed by the interior wall 534 on the back side 11 4 of the cassette 
Kcept thaua h sSsing statbn V N includes three through holes or ports 126A/B/C in the interior *a 534 (see 
11 5) tCpotIs 126A«/C open into selected liquid paths F N on the back side 114 of the cassette 24Jhese ports 
126 A/B/C channel liquid flow among the selected liquid paths F N through the associated sensing station. 
0MrAsFigs.7and8bestshow,thef.exib.ediaphragm116over^ 

Ultrasonic welding to the upstanding peripheral edges 120 of the valve and sens.ng stattons V1/V10 and S1/S4. 
Thi^ ores the valve stations V1/V10 and sensing stations S1/S4 from each other and the rest of the , system^ 
msl ^ tteltS the flexible diaphragm 116 can be seated against the upstanding edges 120 by an external 
Sto e^ 

STe Z «ve force F1, like the ultrasonic weld, peripherally seals the valve and sens.ng stations V1/V10 and SIM 

moton of the diaphragm 116 overlying a valve station V1/V10 (as shown by the F2-arrow in F,g. 7) serves to flex the 
:iri6tTva.e statSThe diaphragm 116 seats against the ring 124 (as shown by phantom lines in 
Fig 8) to seal the associated valve port 122A. This closes the valve station to liquid flow 

S56 Upon removal of the force F2, fluid pressure within the vah,e station and/or the P"™^* 16 d,a 
phragm 116 itself unseats the diaphragm 116 from the valve ring 124, opening the valve station to liquid flow. 
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[0057] Pref erabty, the diameter and depth ol the valve stations are selected so that the flexing retired lie .seat the 
Eagm 116 does no. exceed me elastfc limits of the diaphragm material. In th* way, the plasfc memory of the 
niastic material alone is sufficient to unseat the diaphragm 11 6 in the absence of the force F2. 

1 willte described in greater detail later, in use. the centrifuge assembly 12 seleCvely applies locahzed 
nncii K/p force F2 to the diaphragm 116 tor closing the valve ports 1 22 A. 

K As Figs 7 and 8 best show, upstanding edges 128 rise from me inter** wall 534 and penphera.ly surround 
ih« rhannels F1/F19 which are open on the back side 114 ol the cassette 22. 

S5mS F1/F19 a!e closed by the interior wall 534 on the front skte 112 of the «see«* ,22, excap. 

oMhe ports 122A/B of the valve stations V1/V10 and the pdrts 126A/B/C ol the sensing states S1/S4 (see F.g. 6> 
,o S The Sd pane. 118 overling the back srte 114 of the cassette 22 is seated by u« ^ < he 
Sanding peripheral edges 128, sealing the liquid paths F1/F19 Irom each other and the rest of the J* 
El As Fiq 6 best shows, ten premolded tube connectors T1 to T10 extend out along opposite s.de edges 130A/ 
B d me c^Jl 22 The tube connectors are arranged five on one side edge 130A (T1 to T5) and ta« the other 

oration ofmetube connectors Ttmoaiong only two si* 
romoact unit for mounted on the centrifuge assembly 12 (as Fig. 3 shows). 
SSST As F P Lows, along one side edge 1 30A. the first through fitth tube connectors T1 to T5 commun,cate wrth 
2 liqu d paths Fl to F5, respectfce.y. /£ng the other side edge 1 308, the sixth through tenth tube connectors T6 
loTIOc^ 

20 linniri naths of the cassette 22, through which liquid enters or exits the cassette 22. 
0^ The —g interim 

Lid oaths F1 to F10 to each other through the valve stations V1 to V10 and sens.ng stations S1/S4. 
SS Particularly, valve station V3 controls liquid flow between primary liquid path Fl and branch f.u,d path 
F^atvesSiS V2 cont ols liquid flow between primary liquid path F2 and branch path F19. Vfetve stafon V1 contro s 
idTwbeteen primary liquid path F3 and branch path F15. Sensing station SI . M. .primary ow -path F4 with 
Snch paths F15 and F16. Sensing. station S2 links primary flow path F5 wrth branch paths F17 and F 8^ 
?00661 Similarly valve station V10 controls liquid flow between primary liquid path F8 and branch fluid path F14. 
^JEm££* liquid flow between primary liquid path F9 and branch path FIB. Valve « " 
"quid flow between primary liquid path F10 and branch path F18. Sensing station S3 ^ W ' ,h 

branch paths F11 and F12. Sensing station S4 links primary flow path F7 with branch paths F13 and F14. 
POST] The branch paths F16, F12. F17, and F1 3 communicate with branch path F19 through vatve stations V4, VS. 

m068] d m mranang'ement, branch path F19 serves as a central hub for conveying liquid between the primary fluid 
oaths F1 to F? on one side 130A of the cassette 22 and the primary fluid paths F6 to F10 on the other side 130 of 
35 he casse 1 22 Te branch paths F16 and F17 feed the centra, hub F19 from the side 130A of the cassette 22, wh.le 

00691 inmelstrated and preferred embodiment (see Figs. 6 and 9). an upstanding, general* el.ipt.cal ndge 532 

Srpams Communicating w«h it. The ridge 532 also reduces the overall fluid volume of the hub F1 9 to facilitate 

40 XTZZ^e* and preferred embodiment, (see Figs. 6 and 9), an array of interna, stiffening elements 
30 eitend b ^ween upstanding edges 128 that torn, the fluid path, The internal ^X^^Z 
internal rigidity to the cassette structure. This rigidity resists bending or deflection under load. The geometry of the 
T sensing stations, and fluid paths thereby remain essentially constant, and are not subject to detormat.on 
<s of aLX du" g use. The spaced infrastructure of spaced elements 530 stiffen the cassette body without adding 
sionificant weiqht or significantly increasing the amount of plastic material used. 

ST The use of the generally rigid pane. 118 overlying the back side 114 of the cassette 22 lends urther ngidrty 
!o me cassette structure As will be shown .a.er, the rigid pane. 118 a.so provides a .ocation for securely gnpptng the 

S5T S Rg n 9 "hows, externa, tubing .cop 1 34 connects tube connector T4 wKh tube connector T5 on the side 
«toP 130A Likewise external tubing loop 1 36 connectbns tube connector T7 with tube connector T6 on me other 
Se edge mB Tn use thTtl loops 134 and 136 engage peristaltic pump rotors on me centriiuge assembly 12 to 
convev liauid into the cassette 22 and from the cassette 22. 1onAn3irt 
As Fig 7 shows, the tube connectors T1/T2 and T9/T10 extend from their respective s,de edges 30A/B n 
sTop ngSon toward the front side 11 2 of me cassette 22. In the ...ustrated and preferred embodiment the ang e 
amaUheslopedtubeconnectorT1/T2andT9/T10makewith the plane of the front side 11 2 of the cassette 22 is about 
?n rflnr^ lZ noted relationship of the tube connectors T1/T2 and T9/T10 facilitates loading the associated tubing 

!°psT^ 
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[0074] The remaining tube connectors T3 to T8 on the cassette 22 are connected with the flexible tubing of the fluid 
circuit 18. 

(II) The Organizer Tray 

.00751 Fiqs 10 to 12 show the organizer tray 26, in which the fluid circuit 18 is packaged before use 

«f materials can be used tor this purpose; lor example, amorphous polyethylene terephthalate (APET), high impact 
t££Z <H Z Xylene L%,ha te ,e wth a glycol modrfier (PETG), recycled center layer coextrus»ns, or 

10 fo^Tlhe tray 26 includes four side panels 138 and a bottom pane. 140 that together form an open interior area 
142 The fluid circuit 18 is packed in,layerswHhin the open interior area 142 (see Fig. 11). 
rSsi ln the illustrated and preferred embodiment, the side panels 138 include outwardly bowed recesses 144 to 
aTmrnodate he^Trlgement of components in the tray 26. The side panels 138 ate preferably include 

,s ^ZT^T^s 1 9 46 to hold gravity.-fed components, like the drip chambers 54 and 102, in a upnght. 

Ziom the cassettes 22A/B/C pass when the tray is mounted on the centrifuge assembly 12 (see Fig 12). The 
boSo^ 

20 [0^rThe e bottom pane. 140 includes cut-out regions 150 A/B/C (see Figs. 10 and 11). The cassettes 22 A/B/C fit 
within these reqions 150 A/B/C when packed in the tray 26 (see Fig. 12). ,„ 1)B , rTh . 
$S] Pairsof upstanding chambers 1 52 A/B/C are termed at opposite ends of the «™ 
ubing loops 134 and 136 attached to each cassette 22 A/B/C extend into the chambers 152 A/B/C, as F«J?*«* 
As wSl be described in greater detail later, pump rotors on the centrifuge assembly 12 nest wthm the chambers 152 
A/n/r and enoaoe the tubinq loops 134 and 136 during use (as Fig. 2 generally shows). 

^Xa^sZs, the tubing loops 134 and 136.inside.the chambers 152 A/B/C extend below the op 

T^Z^^T^6 wedWo. the tubing loops 134,136 and thetubing lengths 154 above and 
below the bottom panel 140 suspend the cassettes 22 A/B/C within the regions 150 A/B/C. 
mm UpsLing hollow ridges 1 56 separate the cutout regions 1 50 A/B/C. The regions 1 56 are recessed at the 
^J£Z££> Passage of portions of the fluid circuit (as Fig. 1 2 shows). As will be described ,n greater detail 
ate ca^Je gri^ng elements on the centrifuge assembly 12 nest wrthin the hollow ridges 156 during u e. 
S2H5L rejons 160 of the bottom panel 140 are cut away to fit over other operative elemen s earned by the 
centloe aimbly 12 (see Fig. 1), like shut-ofl clamps 240 , hemolysis sensor 244A, and air detector 244B. 
moSl AnX shrink wrap 162 see Fig. 11) encloses the tray 26 and the fluid circuit 18 packaged within it 
S S 2 «dZ Purred embodiment (as Fig. 11 shows), the fluid circuit 18 is packed within the tray 

tsr^si^^^ *• 26 a * ,ayer m where they are presente K ,or r Tor 

Kop^^SS* on the centrifuge assembly 12 (using hanging loops 170 formed in each container ^ 

cenTrifug chamber 16, the umbilicus 24, and associated lengths of tubing occupy the next, or m.ddle, 
ETiee ^lin the ,Sy 26 where they are presented lor removal from the tray 26 and mounting on the centnfuge 

S^hefa^ 

2f?72 on a uay sZane, 138 . Abracket 174 makes an interference snap fit over the pins 172 tc .secure .he two 
Gainers 22 to L side pane. 138. The weight of the fluid holding containers secured to the bracket 174 holds the 
remainder of the fluid circuit 1 8 in place within the tray 26 before use. 
so 00911 The trav 26 serves as an organized assembly fixture for the manufacturing plant. It also aids the user in 
^zZ^SrsLm the relaLship of the components for the procedure that is to be ruj It grves ^an organ- 
izS puS I appearance to what otherwise would appear to be a conglomeration of tubing and component 
ooil As wiH be described in greater detail later, the layering of the fluid circuit 18 within the tray 26 s.mplrf.es set 
1^ Im^SHi l aTse^y 14 on the centrifuge assembly 12 at time of use. The tray 26 reduces tubing kmks by 
55 allowing (or controlled tubing paths, both before and after set up. 

rnnqai Durino storaoe the tray chambers 152 A/B/C serve to coverthe tubing loops 134 and 136, at least pamany 
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detail later 

100941 It should be appreciated that the tray 26 can be used in association with other types ot blood separation 
elements, and not just (he centrifugal processing element shown. For example, the tray 26 can be used n asaoctfm 
with a conventional stationary membrane separation element, or with a rotating membrane element like ttiat shown in 
Fischel U.S. Patent 5.034,135, or with other styles of centrifugal separation elements, like that shown in Schoendorfer 
U.S. Patents 4.776,964 and 4.944.883. 

Hiil The Drio Chambers 

[00951 In the illustrated and preferred embodiment (see Figs. 12 to 14), the drip chambers 54 and 102 associated 
with the processing assembly 14 are made in their entirety from a non-rigid or -soft", transparent medical grade polyvinyl 
chloride material. The soff plastic material allows the chambers 54 and 102 to be manually squeezed or pumped lor 

air purqinq and priming (as Figs. 13 and 14 show). . . ,, 

[00961 In the illustrated and preferred embodiment, the soft plastic chambers 54 and 102 are purposely sized small 
enough to be conveniently handled, yet large enough to provide effective air purging and priming by manual squeezing, 
even when the drip chambers 54 and 1 02 are spaced away from an associated solution containers 20 for manufacturing. 
Dackaqinq, and other reasons. 

[0097] More particularly, in the illustrated and preferred embodiment, the chambers 54 and 102 are sized small 
enough to be readily gripped in the user's hand (see Fig. 1 3) and collapsed by a single, vigorous squeeze for air purging 

rO^^AUhe^me time, the interior volume of each chamber 54 and 102 is sufficiently large, relative to the volume 
per unit length of the associated tubing, that the volume of the chamber exceeds the interior volume of tubing extending 
between it and the associated solution container 20. In other words, the chamber volume accommodates placemen 
of the chamber 54 and 102 a reasonable distance away from the associated container 20, without losing the manual 
nriminq and air purging capability. . 
[00991 In the preferred embodiment, the processing assembly 14 uses conventional tubing, typically hav.ng an in- 
ternal diameter of about 0.3 cm (0. 1 26 inch). In this embodiment, each chamber 54 and 102 preferably measures about 
6 3 cm to 11 4 cm (2.5 to 4.5 inches) in overall height and about 2.5 cm to 3.8 cm (1 .0 to 1 .5 inches) in diameter This 
provides chambers each sized for convenient handling (as Figs. 13 and 14 show), yet each having a relatively large 
total internal volume of between about 32.8 cm3 (2.0 cubic inches) and about 114.7 cm* (7.0 cub,c inches). In the 
illustrated embodiment, the interior volume is about 32.8 cm* (2.0 cubic inches), and the chambers 54 and 102 are 
located about 45.7 cm (18 inches) away from their respective solution containers 20. 

r0100l During manufacturing, the solution containers 20 can be steam sterilized, while the drip chambers 54 and 
102 can be separately gamma or EtO sterilized. The containers 20 and chambers 54 and 102 can be packaged away 

35 from each other in separate layers within the tray 26, as described above. 

[0101] During use, despite separation, a single vigorous squeeze purges air from the chambers 54 and 102 and 
tubinq and into the associated solution container 20, thereby priming the chambers 54 and 102 for use. 
[0102] After priming, the chambers 54 and 102 are conveniently supported within the tray brackets 146 in clear, 
unimpeded view of the user, with the solution containers 20 suspended above them (as Fig. 3 shows). 

40 r0103] In the illustrated and preferred embodiment, the chambers 54 and 1 02 each includes a main body 500 haying 
an top 502 and a bottom 504. The chambers 54 and 102 also each includes a cap 506 that provides an enhanced held 
of view of the droplets entering the chambers 54 and 102. 

r0104] More particularly, the cap 506 has a base 508 and a side wall 510 that converges inward from the base 508 
to intersect as a vertex 51 2 above the main body 500 of each chamber 54 and 102. An inlet port 51 4 extends from the 
4S vertex 51 2 An outlet port 51 6 extends from the bottom 504 of the main body 500. 

[01051 In the illustrated and preferred embodiment (see Fig. 1 3), the side wall 510 is symmetric wrth respect to the 
center of the vertex 512. Irom which the inlet port 514 extends. The cap 506 thereby takes the structural shape of an 

mToef When held in a vertical, gravity feed position for use (as Fig. 1 2 shows), the tapered side walls of the cap 506 
50 provide an enlarged field of vision for viewing liquid droplets entering the cap 506 from outside the cap 506. The cap 
506 allows the user to see liquid droplets dripping into the chambers 54/1 02 from a normal standing height above the 
drip chambers 54/102. without having to stoop down, and from a greater distance than conventional dnp chambers. 
[01071 As Fig 15 shows, the cylindrical wall of a conventional drip chamber 518 (shown in phantom lines in Fig. 15) 
provide a relatively narrow field of vision 520 that lies generally within a rectangle that extends slightly above and below 
ss the plane of the droplet 522. When the conventional drip chamber 518 is suspended the usual distance of about 4 feet 
above the ground during use, an average person (5 to 6 feet tall) is must stoop down to see the droplet 522 within the 
field of vision 520 Even then, using a conventional cylindrical drip chamber 518, the droplet 522 can be usually viewed 
within the field of vision 520 from a distance about only about 0.9 metres to 1 .2 metres (3 to 4 feet) away. 
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[01081 As Fig 15 also shows, the angled side wall 510 of the cap 506 significantly expands the field of vision The 
Sdedled of vision 524 >ies within an area bounded by a right triangle whose base 526 ex, «d. 
zontallv in the plane of the droplet 522, and whose hypotenuse 528 extends upward from the base a an Angle C 
wCX C 1 90- - A, wheTe Angle A represents the degree o, taper of the side wall 510. In Mhj .MM and 
^wred embodiment, the Angle A is from about 20- to about 40'. The enhanced field of vs.on 524 that the cap 506 
Sdes s gtf^tfy extends L horizontal distance at «*h the droplet 522 can be ^^^T^ 
The enhanced field of vision 524 also adds significant vertical height above the plane of the droplet 522 from wh.cn 
the droDlet 522 can be viewed (as Fig. 1 5 also indicates). ■ 

OloT ulg Z drip chamber 54/102 of the preferred dimensions described above^ with the cap 506 ^rnadc .from 
coTntiona. soft, transparent medical grade plastic, wrth a taper Angle A of about 30' and a P"P"*>*W 
Sween the base 508 and the vertex 512 of about 2.1 cm (0.81 inch), the droplet 522 can be viewed from a distance 
of aneas^ m (10 feet) away under norma, lighting conditions. The cap 506 also provides an added v.ew.ng height 
abot The dropet of about 0 6 m (2 feet). Thus, with the drip chamber 54/102 suspended 1.2 m (4 feet) above , the 
graund, theaverage person 1 .5 m to 1 .8 m (5 to 6 feet) oilcan, under norma, lighting condit.ons,v,ew the droplet from 
is a norma, standing position from a distance of at least 3 m (10 feet) away. 

(Iv) The Umbilicus 

r0110l Fiqs 16 and 17 best show the details of the construction of the umbilicus 24. 
20 0 1 The umbilicus 24 consolidates the multiple fluid paths leading to and from the blood separation chamber It 
Ses a continuous, sterile environment for fluids to pass. In construction, the umbilicus 24 ,s ; flexible enough to 
Z ion in the elle y small, compact operating space the centrifuge assembly 1 2 provides. St.lt, the umbilicus 24 
L^^ii^Llani the significant flexing and torsional stresses imposed by the sma. compact sp.nn.ng 
environment, where rotation rates up to about, 4000 revolutions per minute (RPM) can be encountered. _ 
ram] in the illustrated and preferred embodiment (see Fig. 16), the umbilicus 24 .ncludes a coextruded main body 
20C iconihg fhve lumens 2o\ > It should be appreciated that the main body 200 could have more or fewer coextruded 
lumens 202 deoending upon the needs of the particular separation process. 

omi in the ust rat ed and preferred embodiment, the main body 200 is made trom HYTREL®4056 Plasirc Matenal 
DuPont) Before extrusbn, the materia, is preferably drieci by heat, so that its mo.sture content .s less than about 
O03% This material withstands high speed flexing over an extended temperature range of between 0= centigrade to 

JomiTtn ISSmL preferred embodiment (see Fig. 18), the profile design of the. extrusion maximizes the 
cross sectional areas of the lumens 202 while minimizing the outer diameter of the mam body 200. ■ 
foilST I As Fig 18 shows, the design creates a cylindrical main body 200 having a cyl.ndncal .nner core ,201 about 
which the lumens 202 extend in a circumferential* spaced array. The lumens 202 are elliptical in shape. The 
iTe d theTmens 202 shown in Fig. 18 maximizes the cross sectional area of the lumens 202 for a desired flow 
rate elm The elliptical shape of the lumens 202 provides this benefit without enlarging the outer d.ameter of the 
SnbCS.andthereby increasing i,s centrifugal mass, as an anay of circular lumens of comparable cross secfonal 

2 leTt the illustrated and preferred embodiment, the main body 200 has an outer diameter of about 0.8 cm (0^333 

ARC in Fig. 18) about 72». Each lumen 202 measures about 0.3 cm (.108 inch) along its major ax.s (des.gnated ^ 
in Fin 1 81 and about 1 6 cm (0.65 inch) along its minor axis (designated A^nor in F ig. 1 8). 
01 171 Th tneTcore 201 o. the main body 200 forms a circle having a diameter (designated C, ,n F.g. 18) of about 
0 4 cm (C M5 inch). Th* provides a wa.. thickness (designated T in Fig. 18) between .umens of about 0.1 cm(.055 
inch) Jt is believed that, below 0.05 cm (.020 inch), the integrity of the coextrusion becomes problematic and becomes 

U in Fig. 18) fs about 0.6 cm (0.23 inch). It is believed that, below 0.4 cm (0.1 5 inch), the integrity of the coextrusion 

so aoain becomes problematic and subject to failure when twisted. 

rami ^The minimized outer diameier of the profile reduces the centrifugal forces generated when the umb leu 24 
s spun to reduce the overall stresses encountered. The elliptical configuration of the lumens 202 max|m,zes flu d low 
ipacK . The circumferential placement of the lumens 202 within the main body 200 <~^***»£^ 
and stress resistance of the overall umbilicus structure. As Fig. 16 best shows, an upper support block 204andalower 

55 support block 206 are secured, respectively, to opposite ends of the umbilicus body 200. 

S Each support block 204 and 206 is preferably made of a Hytrel® 81 22 Plasty Materia. (DuPont) The blocks 
204 and 206 injection over-molded around the main umbilicus body 200 and include formed lumens 208 which com- 
• nTnfcat « lumens 202 o. the umbilicus body 200. The heat of the injection ovennoldmg process physically 
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bonds the two HytreKB) Plastic materials together The support blocks thereby prove a secure, leak proof, integral fluid 
connection for each fluid path through the umbilicus 24. _„«wo«h 
S I Hytrel® 81 22 Plasty Material of the blocks 204 and 206 has a lesser modulus and « therefore sorter and 
^ tad* than the Hytrel® 4056 Materia, of the main body 200. The Hytrel® Plastic also can be solvent bonded to 
Tg^yvinyTchloride tubing. The tubing of the fluid circuit 18 can thereby be secured by solvent bondmg 
within the lumens 208 of the support blocks 204 and 206. 

101221 Each support block 204 and 206 preferably includes an integral, molded flange 210. Each flange 210 has is 
SedefermZshape, whfch can be the same or different for the two flanges. In the illustrated embedment, each 

Semen, ^umbilicus 24. The tower support block 206 is free if a strain relief element. As wdl be shown later, the 

sole strain relief sleeve 21 2 distributes stresses so that localized stresses are minimized. x „ 

ClT In the llustrated and preferred embodiment, a solvent (such as methylene chloride or- methyl ethyl ketone) ■ 

Epp l ed to toe oPpt«e ends of the Hytre«i>4056 Pfcstic Materta. o, the umbilicus body 200 before the 

8tt2 XZ Material to over-molded to form the support blocks 204 and 206 and assocrated flanges 210 and strain 

fefe's?et2^ hasbeen observed that the application o, solvent before over-mddingin^ 

of the connecfion site, signifteantly increasing the strength of the connection between the block members 204 and 206 

Sers 2oTand 206 (and associated flanges 210 and sleeve 212) and the umbilicus body 200^ For example he 
Zecl can be strengthened by etching the exterior of the main body 200 to increase the surface energy o, the 
connection site The etching can be accomplished by corona discharge or plasma discharge tteatment. 
SSTSSSn increasing the surface energy of the connection site before over-molding the blook members 20^^ 
and aLoda ed flanges 21 S/sleeve 21 2 are observed to de-laminate and peel away from the umbtos body 200 when 
expose the streLs imposed during centrifugation. Premature failure of the overall umb.hcus ; s tructure r jufc 
5Sl A thrust bearing member 214 is secured about the coextruded main body 200 at a predetermmed distance 

body 218 Ball bearings 220 support the inner body 218 for rotation wrthin the outer body 216. The tnner ^body includes 
a cento, hub 222 through which the umbilicus main body 200 passes to mount the thrust bearing member 214 on the 

IS^TetublSudes a rear collar 224 .hat projects outward beyond the inner/outer body assemblage. A clip 
Stensme^ 

hodv 200 The collar 224 isolates the umbilicus body 200 from direct surface contact with the clip 226. The snug 
^Iri^ 

ibou. the umbilicus body 200 using a polyure.hane compound. The stop can also be physically ^ 
£atn onThe umbilicus body 200 In this arrangement, the thrust bearing 214 itself is not attached at aftxed locaflon 
on the body 200, but slides along the umbilicus body 200 and abuts against the stop during use. 
Si 311 ^e thrust bearing member 214 can be made from various materials. In the illustrated and preferred embod- 
men th dinner and oute r bodies 216 and 218 are made from polyamide material like ny.on-6,6. Other matenals l.ke 
roStloroethylene (PTFE)or aceta. can also be used. The ball bearings 220 are made from hardened stam.ess 
steel. 

M Processing Assemblies tor Platelet Collection 

[01 32] The processing assembly 1 4 as just described can be configured to accomplish diverse 
echniques Figs. 1 9 and 20 show representative disposable systems for accomphshing continuous platelet ookdm 
Fig 19 shows a single needle platelet collection system 28 (Figs 2; 3; and 11 also show the ^ " 
in association with the bay 26 and centrifuge assembly 1 2). Fig. 20 shows a two needle platelet collect on system 3a 
MM Each system 28 and 30 includes the processing chamber 16 and containers 20 mterconnected by the fluid 
Sl8 ca rii by the organfcer tray 26. The fluid circuit 18 lor each system 28 and 30 includes the three centralized 
pumpin! J and vling cassettes. ideJified as 22A; 22B; and 22C. The umbilicus 24 links the ro.at.ng and non-rotatmg 

SSTSi etoLrci'LTtoLh systems 28 and 30 are also assigned the same relerence number in the 
descriptions that follow. 
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(A) The.Processlna Chamber 

[0135] Tne processing clamber 16 can be vaiiouely constructed. Foi example, H can be constructed lite the daAte 

with tJe processing chamber 16. Three tubing branches 38/40/42 serve the first stage compartment 34. Two tubing 

"XST- "P -P—> h the bra, » «0 .be 

(B) Tt "» Needle Fluid Circuit 

r 0 143] in the iliustrated and preferred configuration shown in Fig. 19, the cassettes 22A/B/C : serve to segregate the 
tow path of various categories of fluids and blood components from each o»er *^ * 
101441 The cassette 22A principally handles the flow of fluids containing red blood cells, either ^as WB or -u RBU 
ThelssLte 2b principally handles the flow o, ce.lular-free fluds, erther as PPP or ant.oagu.ant. The cassette 22C 
principally handles the flow of fluids containing platelets, either as PRP ' or PC. ^ 

for addition to the WB before processing. A tubing branch 56 leads from the cassette y 

WB into the first stage chamber 34 for sep * M " X °*™*£ ™ P . staqe chamber 34 through the umbilicus 24. 

foT«l ^The cassette 22A thereby directs the flow of anti«oagu.ated WB from the donor into the first stage xompart- 
partment 34 (via tubing branches 64 and 66, joining tubing branch 68). 
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I01S3] Thistwocyclesequencethroughthecas^^ 

to the first stage compartment lor separation, either from the donor (during the draw cycle) or from the WB reservoir 
SSrrSS USS 7H separated PRP fern «he firs, stage compartment 34 through .he umbilicus 24 

roSTportSd the PRP is conveyed from the cassette 22C through tubing branch 80. Tubing branch 80 leads 
to the umbilicus 24, which joins tubing branch 46, which takes the PRP into the second stage compartment 36 for 

[oS^nTeTusJrated and preterred embodiment, the tubing branch 80 carries an in line fitter 82. The filter 82 
emoves leukocytes from the PRP before it enters the second stage compartment 36 for separation 
ZSl Another portion of the PRP is conveyed from the cassette 22C through tub.ng branch 84 to the dnp chamber 
64, where it mixes with the anti-coagulated WB being conveyed into the first stage compartment 34. Th.s recirculation 

of PRP improves the yield of platelets. . .. G . cc<1Q qoa 

r01S81 Further details of the in line filtration and recirculation of PRP are disclosed .nUS-A-5549834 

0 59 The tubing branch 44 carries PPP from the second stage compartment 36 through the umbilicus 24 and to 
Ling branch 76, which leads to the cassette 22B. Tubing branch 88 carries the PPP from the cassette 22B to a 

[oiST Duri^prtSssing. a portion of the PPP collected in the reservoir container 90 is returned to the donor with 
he RBC during the return cycle. This portion of PPP is conveyed from the reservoir container 90 through tubing branch 
66 via the cassette 22B to tubing branch 72, which joins the tubing branch 33 via cassette 22A. At the same time PPP 
then being separated in the second stage compartment 36 is returned to the donor through tub.ng branches 85 and 
76 to the tubing branch 66 via the cassette 22B. BMM > 
[0161] Another portion of the PPP collected in the reservoir container 90 is used to resuspend PC in the second 
tage compartment 36 after separation ends. Thte portion of PPP is conveyed from the reserve, container 90 hrough 
tubing branch 88 via the cassette 22B, back through tubing branch 76, the umbilicus 24, and tub.ng branch 44 into the 
second stage compartment 36. There, the PPP resuspends PC accumulated in the compartment 36. The tu^ng branch 
46 conveys resuspended PC from the compartment 36, through the umbilicus 24 to tubing branch 86, which ,o.ns the 
cassette 22C Tubing branch 94 conveys resuspended PC from the cassette 22C to collection containers 96. 
mi62 Other portions of the PPP collected in the reservoir container 90 can also be used for additional processing 
Looses For example, the PPP (which carries most of the anticoagulant added during processing) can serve as an 
anti-coagulated "keep open" fluid, to keep the phlebotomy needle 48 open during lulls in processing. The PPP can 
also be used as a "final flush" fluid, to purge the tubing branches after processing. 

[01631 The PPP remaining in the reservoir container 90 after processing can be stored for therapeutK P^s 
[0164] Further details of the collection and use of PPP as a processing aid are disclosed in EP-A-666,771 and US- 

35 mtesTcon^ 

Tubing branch 52 carries the saline from the container 50 (via the drip chamber 54) to cassette 22A. The sa line is 
conveyed from the cassette 22A into the processing chamber 1 6 via tubing branches 60 and 62, and from there to the 
rest of the system 28 along the tubing branches already described. 
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(r.) The Double Needle Fluid Circuit 



r0166] In the illustrated and preferred configuration shown in Fig. 20, the cassettes 22A/B/C also serve to segregate 
the flow paths of various categories of fluids and blood components from each other during processing. 

45 r0167l As in the Fig. 19 embodiment, the cassette 22A principally handles the flow of fluids containing red btood 
cells either as WB or as RBC. The cassette 22B principally handles the flow of cellular-free fluids, either as PPP or 
anticoagulant The cassette 22C principally handles the flow of fluids containing platelets, either as PRP or PC 
101681 More particularly, the fluid circuit 18 for the single needle system 30 (see Fig. 20) includes a tubing branch 
59 that carries a phlebotomy needle 49 for drawing WB from a donor. Tubing branches 100 carries an anticoagulant 

50 Sutbn ftom a container 98 into the tubing branch 92 (via a drip chamber 102 and cassette 22B) for addition to the 

S f °The Wb's Sawn through needle 49 from the donor and conveyed to the cassette 22A through tubing 59 and 
74 Another tubing branch 60 leads from the cassette 22A to convey anti-coagulated WB into the umbilicus 24 via a 
drip chamber 64 and tubing branch 62. The umbilicus 24 joins tubing branch 40, which carries the antKoagulated WB 
55 into the first staae chamber 34 for separation into RBC and PRP. 

mm The Tub^g branch 42 carries the separated RBC from the firs, stage chamber 34 through the umb.hcus 24. 
The umbilicus 24 joins the tubing branches 64 and 66 to carry RBC to the cassette 22A. The tubing branch 32 leads 
from the cassette 22A to carry RBC to a second phlebotomy needle 48. 
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[0171] InFig 20,thecassette22Atherebydirec^ 

!2 ,he fi st stage compartment 34. The cassette 22A also directs the flow of separated RBC from the first stage 
£££^t5££ donor through the second needle 48. Un.ike the sequenced draw and return cycles ,n the 
3T£S ^m 28, the incoming and outgoing flows through the two needles 49 and 48 occur ««™»^ 
me Jstem 30. As in the single needle system 28. anti-coagutated WB is continuousfy conveyed to the first stage 

80 'leads X^bificus 24, which joins tubing branch 46, which takes the PRP into the second stage compartment 

36 for further separation into PPP and PC. Q0 

TO174] in the illustrated and preferred embodiment, the tubing branch 80 also carr.es an .n l.ne .Iter 82. The f.lter 82 

Amoves leukocytes from the PRP before it enters the second stage compartment 36 lor separation. 

SET of the PRP H conveyed from the cassette 22C through tubing branch 84 to the dnp chamber 

L where it mixes with the anti-coagulated WB being conveyed into the first stage compartment 34. 

pi 7 q T e tSg blch 44 carries PPP from the second stage compartment 36 through the , 

lubing branch 76. which leads to the cassette 228. Tubing branch 88 carries the PPP from the cassette 22B to a 



7Z needle system 28. a portion ol the PPP collected in the reservoir container 90 in the double 

S systom 30 is returned to the donor with the RBC during the return cycle. This portion ol PPP ,s conveyed from 
ZflSontainer 90 through tubing branch 88 via the cassette 22B to tubing branch 66, wh.cn leads to tub.ng 
hranch 32 and the second needle 48 via cassette 22A. , , 

SSb! As in he s ingle needle system 28, another portion ol the PPP collected in the reserve, conta.ner 90 ,s used 
n h Lb. "needle system 30 to resuspend PC in the second stage compartment 36 

Lame manner already described. As already described, tubing branch 94 conveys resuspended PC from the cassette 

mm C ttThe C °sSTee 9 d 6 ^ system 28, the PPP in the reservoir container 90 can serve as an anti.oagu.ated 
■kelp open' fluid I or as a "final flush" fluid. The PPP remaining in the reservoir container 90 after process,ng can be 

rS'TTetgZrdte system 28, container 50 holds a sa,ine priming solution, which k used to purge air 
roml systems before processing. In the two needle system 30, tubing branch 53 leads from the mn« 50 
through drip chambers 54 and 57 into cassette 22A, and from there into the first stage compartment 34 for d.str,but,on 

priming. The waste bag 106 is also used to purge air from the system 30 during use. In the s.ng.e needle system 28. 
mntainprs 58 and 70 serve to collect air during priming and processing. 

from the processing chamber 16. 
ii tup ^FMTRIFUGE ASSEMBLY 

[0183] Thecentrifugeassembly12(seeFigs.1and21)carriestheoperatinge 
nf hinnd Drocessina procedures under the direction of an onboard controller. 

£5? As Fias T an?21 show, the centrifuge assembly 1 2 is housed with a wheeled cab.net 228 wh,ch the user 
S^nSSiin place to place. ., should be apprecteted that, due to its compact form, the centnfuge assembly 
19 pIqo rouid be made and operated as a tabletop unit. jl^ ^ 

018? The cenWuge assembly 12 includes a centrifuge 230 (see Figs. 21 and 22) mounted for rotation ms.de a 
comolrtm^t 232 oX cabinet 228. The compartment 232 has a fold-open door 234. The user folds the door 234 
22)to ^ac^^ 

18 As Rg 21 shows the user folds the door 234 close to enclose the centrifuge 230 .ns.de the compartment 232 for 

mm ?he^tftitgTassemb. y 12 also includes three cassette control stations 236 A/B/C (see Fig. 2^™ for 
lacf cassette 22 A/B/C. The cassette control stations 236 A/B/C are located side by s.de on a sloped outs* pane 
S onSlbSt 228. The outside pane. 238 also carries the shu.off clamps 240, hemolys.s sensor 244A, and a, 
detector 244B associated with the centrifuge assembly 1 2 (see Fig. 23). ^„ rafinn 
SST The centnfuge assembly 12 includes a processing controller 246. The controller 246 governs tatpto 
5 tnVceluge assembhy 12. The processing controller 246 preferably includes an ..ntegrated .nput/output termmal 
248 fetec s Jon Fig. 1). which receives and display information relating to the process.ng procedure. 
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[0188] The following description provides further details of these and other components of. the centrifuge assembly 
12. 

(i) The Cassette Control Stations 

[0189] In use each control station 236A/B/C holds one cassettes 22A/B/C (see Fig. 25). The control station are all 
constructed alike so the details of only one station 236A will be provided. In use, the station holds the cassette 22A. 
[0190] The control station 236A (see Figs. 24 and 25) includes a cassette holder 250. The holder 250 receives and 
grips the cassette 22 A along two opposed sides 1 32A and B in the desired operating position on the control station 236A. 
[0191] The holder 250 urges the diaphragm 116 on the front cassette side 112 into intimate contact with a valve 
module 252 on the control station 236 A. The valve module 252 acts in concert with the valve stations V1/V10 and 
sensing stations S1/S2/S3/S4 in the cassette 22A. 

[0192] The control station also includes a peristaltic pump module 254. When the cassette 22A is gripped by the 
holder 250 the tubing loops 1 34 and 1 36 make operative engagement with the pump module 254. 
[0193] The controller 246 governs the operation of holder 250 on each control station 236A/B/C to grip the cassettes 
22A/B/C upon receipt of a preselected command signal. The controller 246 then proceeds to govern the operation of 
the valve module 252 and pump module 254 on each control station 236A/B/C to convey liquids through the cassettes 
22A/B/C to achieve the processing objectives of the system 10. 

(A) The Cassette Holders 

[0194] Figs. 26 and 27 show the details of construction of the cassette holder 250. 

[0195] Each holder 250 includes a pair of diametrically spaced gripping elements 256 (which Figs. 24 and 25 also 
show). The elements 256 are housed within covers 258 on the sloped front panel 238 of the cabinet 228. 
[0196] Each gripping element 256 is carried on a shaft 260 for rocking movement. The element 256 rocks between 
a forward position, gripping the associated cassette 22A (see Fig. 27), and a rearward position, releasing the associated 
cassette 22A (see Fig. 26). 

[01 97] A biasing tab 262 projects from the rear of each gripping element 256. A spring loaded pin 264 pushes against 
the tab 262 urging the element 256 forward into its gripping position. 

[0198] The front of each gripping element 256 projects beyond the cover 258. The front includes a sloped cam lace 
266 that leads to a recessed detente 268. When the cassette 22A is lowered upon the station 236 A (see Fig. 26), the 
side edges 132A/B of the cassette 22A contact the sloped cam face 266. Pressing against the back panel 118 of the 
cassette 22A slides the side edges 132A/B down the cam face 266. The sliding contact rocks the gripping elements 
256 rearward against the biasing force of the spring loaded pin 264. 

[0199] The gripping elements 256 open to receive the descending cassette 22A, until the cassette side edges 1 32A/ 
B reach the recessed detente 268 (see Fig. 27). This relieves the rearward rocking force against the cam surface 266. 
The biasing force of the spring loaded pins 264 rock the gripping elements 256 forward, capturing the cassette side 
edges 1 32A/B within the recessed detentes 268. The biasing force of the spring loaded pins 264 releasably clamp the 
gripping elements 256 against the cassette side edges 1 32 A/B. 

[0200] The biasing force of the spring loaded pins 264 can be overcome by lifting upward upon the cassette 22A. 
The upward lifting moves the cassette side edges 1 32A/B against the detentes 268, rocking the gripping elements 256 
rearward to open and release the cassette 22A (as Fig. 26 shows). 

[0201] In the illustrated and preferred embodiment, each holder 250 includes a mechanism 270 (see Figs. 28 to 30) 
that selectively prevents the removal of the cassette 22A. The mechanism 270 locks the gripping elements 256 into 
their forward clamp position. 

[0202] The locking mechanism 270 can vary in construction. In the illustrated embodiment (as Figs. 28 to 30 show), 
the mechanism 270 includes a locking tab 272 that projects from the rear of each gripping element 256. The mechanism 
270 further includes a locking screw 274 associated with each locking tab 272. An electric motor 278 rotates the screw 
274 within a stationary lerrule 276, causing the screw 274 to move upward and downward. 
[0203] Upward movement brings the screw 274 into contact against the locking tab 272 (see Figs. 28 to 30). This 
contact prevents rearward movement of the gripping element 256, locking the element 256 in its forward, gripping 

position. 0 __ ... 

[0204] In this position, the screw 274 prevents removal of the cassette 22A from the grip of the element 256, providing 
the positive force F1 (see Fig. 8) that seats the cassette diaphragm 116 against the upstanding edges 120. 
[0205] Operation of the motor 278 to move the screw 274 downward frees contact with the locking tab 272 (see Fig. 
27). The gripping element 256 is now free to rock forward and rearward in response to cassette movement, in the 
manner already described. . _ n 

[0206] In the illustrated and prelerred embodiment (see Figs. 31 to 34), the locking mechanism 270 can be manually 
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disabled The locking tab 272 is earned on a shaft 280 that terminates in a turn key 282 accessible on front cam surface 

manually released from the elements 256 without lowering the lockmg screw 274. 
(t>) The rMttseUe Valve Module 

r02091 Referring back to Fig. 24. the valve module 252 on each control station 236A/B/C conta ins a n array -of v*» 
Sbta SaL between the gripping elements 256. The force Ft that the gripping elements i 256 exert (see 

^,71 «*. a,»-y 2B6 Mud., ttn ..Mho p«ns PA, ,o ™>^gr£Z££l 

ST SSXSiS,'™ ,o PA,0 conp*.. an .*=»*.% acMad aoLnoid p,a,on 290. Eaan pis.cn 290 . 

diaphragm 1 1 6 into the associated valve station to seat the diaphragm 116 against the nng * t ana y 

aescribed the plastic memory of the diaphragm 116 unseats it from the valve nng 124 (as F.g. 8 shows), and thereby 

sensed pressures.are transmitted to the controller 246 as part of rts overall system monrtoring function, 
(r) The Cassette Pu mping Module 

,02171 As Figs 24 and 25 show, in the illustrated and preferred embodiment, each casset te P um Pj n 9 ^^ 2 ' 4 
Ees a paTof peristaltic rotor assemblies 292. The rotor assemblies 292 face each other at opposte ends of the 

ES SETS S« 5£5 rLsa™ L «, ma — 226A ». F lg a. 44A a* 

10220) Ral.rnng bacr o fm_ ■ m h SUCMtstori ^ess ,„, assoc.alad 

;SC»iSSna" » M pun* ma. 296. This «* pa,«*pun*n„ aata p.gaa 

; S«^n -«•» M In. «n, <°PP. '34/126 „. pmp.* on«.d and aPgn* -h,n M. 
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along opposite sides of one ol the pump rollers 300. 

[0223] In this arrangement, the loading mechanism 302 also includes a roller locating assembly 306 (see Figs. 35 
to 40). The locating assembly 306 moves the pump rollers 300 radially of the axis of rotation. The rollers 300 move 
between a retracted position within the associated pump rotor 298 (see Figs. 37 and 38) and an extended position 
outside the associated pump rotor 298 (see Figs. 39 and 40). 

[0224] When retracted (see Figs. 37 and 38), the rollers 300 make no contact with the loops 1 34/1 36 within the races 
296 as the rotors 298 rotate. When extended (see Figs. 39 and 49), the rollers 300 contact the loops 134/136 within 
the races 296 to pump fluid in the manner just described. 

[0225] The roller locating assembly 306 also may be variously constructed. In the illustrated and preferred embod- 
iment (see Figs. 35 and 36), the assembly 306 includes an actuating rod 308 that extends along the axis of rotation of 
the associated roller 298. One end of the actuating rod 308 is coupled to a linear actuator 310 (see Fig. 26). The 
actuator 310 advances the rod 308 toward the pump rotor 298 and away from the pump rotor 298 in response to 
controller commands (as the arrows A in Fig. 36 show). 

[0226] The other end of the rod 308 is attached to a first trunnion 312 within the rotor 298 (see Figs. 35 and 36). 
Movement of the rod 308 toward and away from the rotor 298 slides the first trunnion 312 generally along axis about 
which the rotor 298 rotates (i.e., along arrows A in Fig. 36). 

[0227] A first link 31 4 couples the first trunnion 31 2 to a pair of second trunnions 31 6, one associated with each roller 
300. In Fig. 36, only one qf the second trunnions 316 is shown for the sake of illustration. The first link 314 displaces 
the second trunnions 316 in tandem in a direction generally transverse the path along which the first trunnion 312 
moves (as shown by arrows B in Fig. 36). The second trunnions 316 thereby move in a path that is perpendicular to 
the axis of rotor rotation (that is, arrows B are generally orthogonal to arrows A in Fig. 36). 

[0228] Each pump roller 300 is carried by an axle 318 on a rocker arm 320. The rocker arms 320 are each, in turn, 
coupled by a second link 322 to the associated second trunnion 316. 

[0229] Displacement of the second trunnions 316 toward the rocker arms 320 pivots the rocker arms 320 to move 
the rollers 300 in tandem toward their retracted positions (as shown by arrows C in Fig. 36). 
[0230] Displacement of the second trunnions 316 away from the rocker arms 320 pivots the rocker arms 320 to move 
the rollers 300 in tandem toward their extended positions. 

[0231] Springs 324 normally urge the second trunnions 316 toward the rocker arms 320. The springs 324 normally 
bias the rollers 300 toward their retracted positions. 

[0232] In this arrangement, movement of the actuator rod 308 away from the rotor 298 displaces the second trunnions 
316 against the action of the springs 324, pivoting the rocker arms 320 to move the rollers 300 into their extended 
positions. Movement of the actuator rod 308 toward the rotor 298 augments the spring-assisted return of the rollers 
300 to their retracted positions. 

[0233] The independent action of each spring 324 against its associated second trunnions 31 6 and links 31 4 places 
tension upon each individual pump roller 300 when in its extended, position. Each roller 300 thereby independently 
accommodates, within the compression limits of its associated spring 324, for variations in the geometry and dimen- 
sions of the particular tubing loop 134/136 it engages. The independent tensioning of each roller 300 also accommo- 
dates other mechanical variances that may exist within the pump module 254, again within the compression limits of 
its associated spring 324. 

[0234] As Fig. 26 shows, a small brushless direct current motor 326 drives each peristaltic pump rotor 298. A gear 
assembly 328 couples the motor 326 to the associated rotor 298. 

[0235] In the illustrated and preferred embodiment (see Fig. 26), the actuator rod 308 rotates with its associated 
rotor 298 within the first trunnion 312. The other end of the rotating actuator rod 308 passes through a thrust bearing 
330. The thrust bearing 330 has an outer race 352 attached to a shaft 334 that is an integral part of the linear actuator 
310. 

[0236] In the illustrated embodiment, the linear actuator 310 is pneumatically operated, although the actuator 310 
can be actuated in other ways. In this arrangement, the actuator shaft 334 is carried by a diaphragm 336. The shaft 
334 moves toward the rotor 298 in response to the application of positive pneumatic pressure by the controller 246, 
thereby retracting the rollers 300. The shaft 334 moves away from the rotor 298 in response to negative pneumatic 
pressure by the controller 246, thereby extending the rollers 300. 

[0237] In the illustrated and preferred embodiment (see Fig. 26), the actuator shaft 334 carries a small magnet 338. 
The actuator 310 carries a hall effect transducer 340. The transducer 340 senses the proximity of the magnet 338 to 
determine whether the shaft 334 is positioned to retract or extend the rollers 300. The transducer 340 provides an 
output to the controller 246 as part of its overall monitoring function. 

[0238] Referring now to Fig. 41 , in use, the controller 246 actuates the actuator 31 0 to retract the rollers 300 before 
the cassette 22A is loaded onto the station 236A. The controller 246 also positions each rotor 298 to orient the guide 
prongs 304 to face the valve module 252, i.e., to face away from the associated pump race 296. 
[0239] The cassette 22A is loaded into the gripping elements 256, as already described. The sloped connectors 
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T1/T2 andT9/TlO initially guides the loops 134/136 directly into the pump races 296 (see Figs. 41 and 44A). The guide 
P ll:t being positioned away from the pump race 296. do not obstruct the ^ ^ 

r0240] Subsequent rotation of the rotor 298 (see Figs. 42 and 43) moves the gu,de prongs 304 MmWM the 
Saceo.Se tubing .oops 134/136. This contact compresses the , tubing . bop. 134036 « M race 29* 
This orients the Diane of the tubing loops 134/136 perpendicular to the rotational ax.s of the rotor 298 (as Fig. 44B 
^tele«.Slns of the'rotor^ .nil satisfactory « the tuning loop 134/136 into ^/T^^Z 
She race 296. As already ported out, the retracted roHers 300 serve no pumpmg funcuon dunng this port.on of 

m^tTZ shows, the cassette port connectors T4/T5 constrain the spacing between the tubing loops 
?34/136 The Sg^ orientatton of the connectors T4n-5 assure that the tubing loops 134/1 36 are slightly impressed 
within the races 296 when oriented perpendicular to the rotors 298 for use. 

SS tSKSIL substanliaLy eliminates variances in orientation or alignment of the tubing tatpi lWW 
Sn the Ls 296 The desired uni.orm linearity between pump rate and pump rotor speed « thus ^ related 
To the mechanic .of the pump rotor assembly 292 itself. It is not subject to random variation because of tubing loop 
misorientation or misalignment within the race 296 during the loading process. ,^ r „„ ei 
Sr OnTe the tubing loop 134/136 is fitted wtthin the pump race 296. the controller 246 actuates the roller pos, 
SS mechanism 5u6 1 exLd the rollers 300 (see Fig. 46). Subsequent rotation of the rotor 298 w,l, squeeze the 

SI the guide prongs 304 to face away from the pump race 296. This opens the pump race 296 to easy 

ThTrlTpSnTmShanism 306 can also be actuated by the controller 246 to servea vafving function 
CStor 298 can be stopped with one or more rollers 300 occupying the race 296. The ro.lers 300. whe e^nded 

'TeS retracting and extending the stationary roller 300 serves a va.ving function to open and close the 

Same ter and about 16 5 cm (6 5 inches) in overall length, including the motor 326 and the hnear actuator 310. The 
pump"!" a^mbt 292 is capab-e of providing pumping rates in the range between a few m«ers per mtnute to 

ST 'EnTIn ^ 25 C^SSb are lowered in tandem with the tray 26 onto the control stations 
%^^J^™^«*» P-P <«™ Whi,e the h0,foW rid96S 156,tt ° Vefthe 9riPP,n9 
SST Tese formed parts of the tray 26 thereby serve as protects. covers for operating components of the 
centrif uge assembly 12. shielding them against ingress of liquids and operator contact dunng use. 

(H) The Centrifuge 

[0250] As Figs 21 and 21 A show, weight bearing wheels 450 support the centrifuge cabinet 228 on the surface 452. 
?Stt£££ ^JTJtSZ £n the experiment 232. As Fig. 21A shows, unfiKe «. 

SIS 

h The h exterior panel 238. where the principal operating components associated with the centrifuge 230 are 
1 I J Lfn To ane 458 (see Fig 21 A) that is not parallel to the horizontal support plane 452. Instead, the panel 

3eX™ 

454 in which the rotational axis 344 of the centrifuge 230 lies, forming the intersection angle p (see F.£ 21 A). 
? 025 ^n ht o^n atton (as Figs. 21 and 21A show), the bottom edge 460 of the stoped pane. 238 lies near the 
Lccess dl 234 "n this arrangement, a majority of the centr«uge 230 extends beneath the extenor panel 238. 
rno«;fii ThP sloned orientation of panel 230 conserves horizontal depth. 

S The Sonships Established between the rotational axis 344 of the centrifuge 230 and the plane 458 
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o1 the panel 238 make it possible to place the rotating centriluge components for access in a zone that lies belween 
the knees and chest of the average person using the machine. These relationships also make it possible to place the 
stationary functional components like pumps, sensors, detectors, and the like for access on the panel 238 by the user 
within the same zone. Most preferably, the zone lies around the waist of the average person. 
[0258] Statistics providing quantitative information about the location of this preferred access zone.for a range of 
people (e g Large Man, Average Man/Large Woman, Average Adult, Small Man/Average Woman, etc.) are found in 
the Humanscale™ Series Manuals (Authors: Niels Diffrient et al., a Project of Henry Dreyfuss Associates), published 
by the MIT Press, Massachusetts Institute of Technology, Cambridge, Massachusetts 

[02591 As will be shown later, these angled relationships established among the rotating and stationary components 
of the centriluge assembly 12 provide significant ergonomic benefits that facilitate access to and operation ol the 
3ssGmbly 12- 

[0260] Within these constraints, and depending upon the particular structure of the centriluge assembly 12,'the ro- 
tational axis 344 can extend parallel to the horizontal plane 452, or (as Figs. 21 and 2.1 A show) at an angle somewhere 
between the horizontal support plane 452 and the vertical plane 456. 

[0261] Within these constraints, the panel intersection angle p can extend in a range fixed on the lower end by the 

need to avoid interference between the centriluge components within the compartment 232 and the pump and sensor 

components mounted below the panel 238, The range for the angle p is fixed on the upper end by the need to avoid 

interference with hanging solution containers 20 and other components mounted above the panel. 

[0262] In the illustrated and preferred embodiment (see Fig. 21 A), the plane 454 in which the rotational axis 344 of 

the centrifuge 230 lies extends at about a 45° angle with respect to the horizontal support plane 452. 

[0263] In the illustrated and preferred embodiment, the vertical height between the support surface 452 and the top 

of the centrifuge 230 (identified as D1 in Fig. 21A) is about 76.2 cm (30'). This places the centrifuge 230 within the 

desired access zone of a statistically typical" small woman, when standing, as defined by the above identified Hu- 

manscale™ Series Manuals. 

[0264] In the illustrated and preferred embodiment (see Fig. 21 A), the panel 230 has an overall length of about 45.7 
cm (18 inches) (designated D2 in Fig. 21 A). The intersection angle p is about 70°. In this orientation, the horizontal 
depth of the centrifuge assembly 12 (identified by D3 in Fig. 21 A), measured between the plane 454 of the rotational 
axis 344 and the back edge of the panel 230, is about 61.0 cm (24 inches). 

[0265] This places all the components mounted on and above the panel 230 within the comfortable horizontal reach 
of the statistically typical" small woman (as defined above), when standing, without need to overreach or over-extend. 
[0266] These relationships can be structurally achieved in various ways. In the illustrated and preferred embodiment 
(see Figs 47 and 48), the underlying structural support for the cabinet 228 includes angled side braces 462 in the 
perimeter of the compartment 232. A transverse support bracket 464 is fastened between the side braces 462. 
[0267] A stationary platform 346 carries the rotating mass of the centriluge 230. The platform 346, and therefore the 
entire rotating mass ol the centrifuge 230, are mounted on the transverse support bracket 464 by a series of spaced 
apart flexible mounts 468. The flexible mounts 468 support the rotating mass of the centrifuge 230 at the descnbed 
inclined, nonperpendicular relationship. TU . • w 

[0268] Prelerably (as Figs. 47 and 48 show), a spill shield 470 is attached to the stationary platform 346. The shield 
470 enclose all but the top portion of the rotating components of the centriluge 230 (as Fig. 22 also shows). 
[0269] As shown in Fig. 49, the rotating components of the centrifuge 230 include a centrifuge yoke assembly 348 
and a centriluge chamber assembly 350. The yoke assembly 348 rotates on a first axle 352. The chamber assembly 
350 rotates on the yoke assembly 348 on a second axle 354. The first and second axles 352 and 354 are commonly 
aligned along the rotational axis 344. 

[0270] The yoke assembly 348 includes a yoke base 356, a pair of upstanding yoke arms 358, and a yoke cross 
member 360 mounted between the arms 358. The base 356 is attached to the first axle 352, which spins on a bearing 
element 362 about the stationary platform 346 (see Fig. 58, also). 

[0271] An electric drive 364 rotates the yoke assembly 348 on the first axle 352. In the illustrated and preferred 
embodiment, the electric drive 364 comprises a permanent magnet, brushless DC motor. 

[0272] The chamber assembly 350 is attached to the second axle 354, which spins on a bearing element 366 in the 
yoke cross member 360 (see Fig. 58, also). 

[0273] As Fig 49 shows, one end of the yoke cross member 360 is mounted by a pivot hinge 368 to a yoke arm 358. 
The yoke cross member 360 and the chamber assembly 350 attached to it pivot as a unit about the hinge 368 between 
an operating position (shown in Fig. 49) and a loading position (shown in Figs. 50 and 51 ). 
[0274] When in the operating position (see Fig. 49), the chamber assembly 350 assumes a downward lacing, sus- 
pended orientation on the yoke cross member 360. The other end ol the yoke cross member 360 includes a latch 370 
that mates with a latch receiver 372 on the other yoke arm 358 (see Figs. 53 and 54, also). The latch 370 and rece.ver 
372 releasably lock the yoke cross member 360 in the operating position (as Fig. 53 shows). 
[0275] Freeing the latch 370 from the receiver 372 (see Fig. 54) allows the user to pivot the yoke cross member 360 
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into the loading position. In this position (see Figs. 50 and 51), the chamber assembly 350 assumes an upward lacing 

JS!n The latch 370 and receiver 372 can be constructed in various ways. In the illustrated and preferred embodi- 
ment (see Figs 55 to 57), the latch 370 comprises an opposed pair of push knobs 472 held by pins 474 within sl.de 
bushings 476 within the latch 370. The knobs 472 are movable within the bushings 476 between an outward position 
(shown in Fig 56) and a inward position (shown in Fig. 57). A compression spring 478 biases the knobs 472 toward 
their outward position. Manually squeezing the knobs 472 toward each other (see Fig. 54) moves the knobs 472 into 
their inward position. 

[02771 The knobs 472 each include an axial surface groove 480 with a recessed detente 482 (see Fig. 55). When 
the knobs 472 are squeezed into their inward position (see Fig. 57). the each detente 482 registers with a latch hole 
484. When aligned, the detente 482 and hole 484 accommodates passage of the latch tip 488 of a latch pin 486 on 

f0278] e 'wnen released, the spring 478 returns the knobs 472 to their outward position (see Fig. 56). Each groove 
482 registers with the hole 484 preventing passage of the latch tip 488. This locks the latch 370 and receiver 372 
together until the knobs 472 are again manually squeezed into their inward position to free the latch tip 488. 
r02791 Because of the angled orientation of the centrifuge, opening the door 234 presents the yoke cross member 
360 to the typical user at his/her waist level (as Fig. 74 shows). The user can open the door 234 and, without bending 
or stooping squeeze the knobs 472 to release and then pivot the yoke cross member 360 and attached chamber 
assembly 350 out of the compartment 232. This places the chamber assembly 350 into its upward facing orientation, 
which is also at the typical user's waist level. 

F0280] As Figs 51 and 52 show, with the chamber assembly 350 in its upward facing orientation, the user can open 
the entire processing chamber assembly 350 to load and unload of the disposable processing chamber 16. In the 
illustrated embodiment, the distance (D4 in Fig. 21A) between the horizontal support plane 452 and the top of the 
processing chamber assembly 350, when opened for loading, is about 29 inches. 

102811 For this purpose (see Fig. 52), the chamber assembly 350 includes a rotating outer bowl 374. The bowl 374 
carries an inner spool 376. An arcuate channel 378 (see Figs. 52 and 58) extends between the exterior of the inner 
spool 376 and the interior of the outer bowl 374. When wrapped about the spool 376, the processing chamber 16 
occupies this channel 378. ■ ... 

[0282] The chamber assembly 350 includes a mechanism 380 for moving the inner spool 376 telescopicalfy out of 
the bowl 374. This allows the user to wrap the processing chamber 16 about the spool 376 before use and to unwrap 
and remove the processing chamber 1 6 from the spool 376 after use. 

r02831 The mechanism 380 can be variously constructed. In the illustrated embodiment (as Fig. 58 best shows), the 
outer bowl 374 is coupled to the second axle 354 through a plate 382. The plate 382 includes a center hub 384 that 
surrounds the second axle 354 and that, like the plate 382, rotates on the second axle 354. » OD o 

[0284] The inner spool 376 also has a center hub 386 that telescopically fits about the plate hub 384. A key 388 
connects the inner spool hub 386 to the plate hub 384 for common rotation on the second axle 354. The key 388 fits 
in elongated keyway 390 in the plate hub 384, so that the entire inner spool 376 can be moved along the axis of the 
plate hub 384 into and out of the bowl 374. 

[0285] In this arrangement, the inner spool 376 is movable along the second axle 354 between a lowered operating 
position within the outer bowl 374 (as Figs. 49 and 58 show) and an uplifted loading position out of the outer bowl 374 
(as Fig. 52 shows). 

[0286] Further details of the chamber assembly are found in EP-A-572,656. 
(|| j) The Centrlfuae-UmbHIcus Interface 

[02871 As Figs 58 and 59 best show, the centrifuge 1 6 includes three umbilicus mounts 392, 394, and 396 positioned 
at spaced apart positions on the centrifuge 16. The mounts 392 and 396 receive the umbilicus supports 204 and 206. 
The mount 394 receives the umbilicus thrust bearing member 214. 

[0288] As Figs. 58 and 59 show, the mounts 392, 394, and 396 hold the umbilicus 24 in a predetermined orientation 
during use, which resembles an inverted question mark. 

[02891 The uppermost umbilicus mount 392 is located at a nonrotating position above the chamber assembly 350 
see Fig 21 too) A pin 398 (see Fig. 59) attaches the proximal end of the upper umbilicus mount 392 to the stationary 
platform 346. The upper mount 392 pivots on this pin 398 between an operating position (shown in solid lines in Fig. 
49 and 59) and a loading position (shown in phantom lines in Fig. 49). 

[02901 In the operating position (see Fig. 59), the distal end of the upper mount 392 is aligned with the rotational axis 
of the chamber assembly 350. In the loading position (as shown in Figs. 50 and 51), the distal end is pivoted out of 
the way, to facilitate loading and unloading the umbilicus 24. The upper mount 392 can be manually locked for use in 
the operating posrtion using a conventional over-center toggle mechanism (not shown) or the like. 
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[0291] The upper mount Includes an over-center clamp 400 on its distal end. As Figs. 60 to 62 best show, the clamp 
400 includes cooperating first and second clamp members 412 and 414 ptvotally attached to a clamp base 416. The 
clamp members 412 and 414 swing open to receive the upper umbilicus support member 204 (see Fig. 60) and swing 
close to capture the flange 21 0 on the support member 204. The interior surfaces of the clamp members 41 2 and 41 4 
5 and base 416 are configured in a D-shape that, when closed, mates with the D-shape of the flange 210. The clamp 
member 414 carries an over-center latch 418 that locks the members 412 and 414 closed. When closed, the upper 
mount 392 holds the upper portion of the umbilicus 24 against rotation in a position aligned with the rotational axis of 
the chamber assembly 350. 

[0292] A yoke assembly 348 includes a wing plate 420 that carries the middle umbilicus mount 394 (see Fig. 59). 
10 As Figs. 63 and 64 further show, the mount 394 takes the form of an aperture that receives the thrust bearing member 
214 carried by the umbilicus 24. The thrust bearing member 21 4 attaches in a secure snap fit within the aperture mount 
394. This connection allows the umbilicus 24 to rotate, or roll, about the thrust bearing member 21 4 as the yoke rotates 
about the first axle 352, but otherwise secures the umbilicus 24 to the yoke assembly 348. 

[0293] The yoke assembly 348 includes another wing plate 422 diametrically spaced from the wing plate 420. The 
is wing plate 422 carries a counterweight 406, to counter balance the umbilicus mount 394. 

[0294] The lowermost umbilicusjnount 396 holds the lowermost support member 206 carried by the umbilicus 24. 
As Figs. 65 to 67 best show, the lower mount 396 includes a clamp 402 that is fastened to the spool hub 386 for 
common rotation about the second axle 354. The clamp 402 also rides with the spool 376 along the plate hub 384 as 
the spool is raised and towered between its lowered operating position and its uplifted loading position. 
20 [0295] As Figs. 51 and 52 show, the lower umbilicus mount 396 is presented to the user when the chamber assembly 
350 occupies upward facing orientation and the spool 376 is lifted into its loading position. 

[0296] The clamp 402 includes hinged clamp members 424 and 426 (see Figs. 65 to 67). The members 424 and 
426 open to receive the lower umbilicus support 206 (as Fig. 65 shows) and close to capture the mount 206 (as Figs. 
66 and 67 show. 

2S [0297] The interior of the clamp members 424 and 426 are configured in a D-shape to mate with the D-shape of the 
flange 21 0 carried by the lower umbilicus support 206. A latch assembly 428 (see Fig. 65) locks the members 424 and 
426 during use. * 
[0298] The lower mount 396 holds the lower portion of the umbilicus 24 in a position aligned with the rotational axis 
of the second axle 354 (see Fig. 59). The mount 396 grips the lower umbilicus support 206 to rotate with the lower 

30 portion of the umbilicus 24. 

[0299] In the illustrated and preferred embodiment, the lower mount 396 includes beveled support plate 430. As Fig. 
64 best shows, the plate 430 supports the tubing 18 as it extends from the lower umbilicus support 206 and bends 
toward the processing chamber 16. The support plate 430 prevents crimping of the tubing 18 as it makes this transition. 
[0300] The upper mount 392 holds the upper portion of the umbilicus 24 in a non-rotating position above the rotating 

35 yoke assembly 348. Rotation of the yoke assembly 348 imparts rotation to the umbilicus about the thrust bearing 
member 214 held by the middle mount 394. Rotation of the umbilicus 24, in turns, imparts rotation through the lower 
mount to the chamber assembly 350. 

[0301] For every 180° of rotation of the first axle 352 about its axis (thereby rotating the yoke assembly 348 180°), 
the umbilicus 24 will roll or twirl 180° in one direction about its axis, due to the fixed upper mount 392. This rolling 
40 component, when added to the 1 80° rotating component, will result in the chamber assembly 350 rotating 360° about 
its axis. 

[0302] The relative rotation of the yoke assembly 348 at a one omega rotational speed and the chamber assembly 
350 at a two omega rotational speed, keeps the umbilicus 24 untwisted, avoiding the need for rotating seals. 
[0303] Further details of this arrangement are disclosed in Brown et al U.S. Patent 4, 1 20,449, which is incorporated 
45 herein by reference. 

(Iv) Umbilicus orientation 

[0304] The centrifuge 230 made and operated according to the invention provides a small, compact operating envi- 
50 ronment. The compact operating environment leads to rates of rotation greater than those typically encountered in 
conventional blood centrifuges. 

[0305] For example, a conventional CS-3000(E> Blood Cell Separator manufactured and sold by Baxter Healthcare 
Corporation (Fenwal Division) operates at centrifuge speed of between zero and about 1600 RPM. On the other hand, 
the centrifuge 230 made and operated according to the invention can be operated at speeds of upwards to 4000 RPM. 
55 [0306] in this high speed operating environment, the umbilicus 24 is subjected to significant cyclical flexure and 
stretching while spinning at high speeds. 

[0307] As before described, as the umbilicus 24 and the yoke assembly 348 spin 360°, the main body 200 of the 
umbilicus 24 rolls or twirls one rotation about its axis. At the same time, centrifugal force pulls outward on the umbilicus 
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24 as it rotates with the yoke assembly 348. 

103081 These rolling and pulling forces generate localized stress on the upper support member 204, which-« held 
SSL, * ^ umbilL moun?392. Tomoderate this .oca.ized stress, the umbilicus 24 includes the tapered s rain 
rS sfle 212. The tapered sleeve 212 helps to maintain a desired operating curvature .n the upper region of the 
umbilicus 24, keeping the umbilicus 24 from buckling, twisting, and nppmg apart. 

[0309] The following Table 1 shows the eflect of the tapered sleeve 212 in moderating stress, based upon a math- 
ematical model using the commercially available ABAQUS™ finite element code. 
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EFFECT OF TAPERED STRAIN RELIEF SLEEVI 
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Sleeve 2 
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ss 3 
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cm 


psi 
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14 


35.6 
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No Taper 
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No Taper 
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10.149.10 6 
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No Taper 


3.5 


8.9 


Failure 
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35.6 


Tapered 
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7.957.10 6 
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5.275.1 0 6 
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Notes 

pig 69 which was rotated a. 2000 rpm. In Table 1 . V designates the overall length of the umbilicus, .n inches. 

TZ SZ inducted an upper and tewer supper, member 2 04 end ^^gS^SSXS^ 

carry a thrust bearing member 214,Eaeh upper and lower support member ,nclu ded erther <) m*m ]^°™*™< e J 2U (designaled 

rrr:r^^-==^--— — - — ^ 

buckled at 2000 RPM. 

[0310] Table 1 demonstrates that, in the absence of any strain relief sleeve (tapered or otherwise). 
buckled at 2000 RPM The presence of a strain relief sleeve prevented thts type of failure. Table 1 also demonstrates 
M aWed «ah relief sLe significantly reduced the measured stress, compared to a nontapered sleeve. 
SirSSlrt pulling forces on the umbilicus also develop localized stress on the lower support member 
206 lich rota eswith the lower umbilicus mount 396. The umbilicus 24 includes the thrust bearing member 2 4 to 
nSemt? tras Sized in this region. The thrust bearing member 214 allows the umbilicus 24 to roll or twirl wrth 
SI V eb Priding long term 9 high speed performance. The thrust bearing member 214 = — 
operating curvature in the lower regbn of the umbilicus to equalizes the stress bad. preventing the build up of htgh 
stress conditions in the region of the lower support member 206. = . . 

10312] The following Table 2 shows the effect of the rotating thrust bearing member 214 on the moderating stress 
. along the umbilicus, based upon the same mathematical model. 
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TABLE 2 



EFFECT OF ROTATING THRUST BEARING 



Length Above/Below 1 


Upper Support/Stain Relief 2 


Olio 




inch 


cm 




inch 


cm 


psi 


pascals 


I 11.5/5 


29.2/12.7 


Tapered 


1 


2.5 


818 


5.640. 10 6 


11.5/5 


29.2/12.7 


Tapered 


1.5 


3.8 


589 


4.061. 10 6 


11/5 


29.2/12.7 


Tapered 


1 


2.5 


781 


. 5.385.10 6 


11/5 


29.2/12.7 


Tapered 


1.5 


3.8 


564 


3.889. 10 6 
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Notes : 

The mathematical model assumed: . r cn 

1 A coextruded multilumen umbilicus (5 lumens) was made of Hytre© 4056 Plastic Material. It was attached to the centnfuge as shown in Fk, 69 
and rotated at 2000 rpm. In Table 2, -Above" designates the overall length of the umbilicus, in inches, measured from the upper support member 
204 to the thrust bearing element 214. In Table 2, "BeloW designates the overall length of the umbilicus, in inches, measured from the lower support 
member 206 to the thrust bearing element 214. 

2 The umbilicus included an upper and lower support member 204 and 206, each made of Hytre© 8122 Plastic Material. The upper support member 
204 included a tapered strain relief sleeve, like that used in Table 1 . ranging in length between 2.5cm to 3.8cm (1 .0" to 1 ; 5'), as indicated. 

3. Stresses (in psi) indicated the maximum von Mises stresses measured. 

[0313] When compared to Table 1 , Table 2 demonstrates that the presence of a rotating thrust bearing element 214 
leads to significantly reductions in the stress measured. 

[0314] Furthermore, the location of the thrust bearing member 214 relative to the lower support member is important 
to maintaining the desired curvature of the umbilicus for stress reduction and long term performance. The magnitude 
of the thrust angle a of the member 214 (shown in Fig. 69) is also important to the moderation of stresses. 
[0315] As Fig. 69 shows, rotation of the umbilicus localizes stress forces at three locations, designated SF1, SF2, 
and SF3. SF1 is located just below the lower support member 206; SF2 is located at the thrust bearing 214; and SF3 
is located at the strain relief sleeve 212 of the upper support member 204. 

[031 6] Among these, the magnitude of SF1 is the most important. Here is where that the rolling motion of the umbilicus 
24 and the one omega rotation of the yoke assembly 348 are translated into two omega rotation of the chamber as- 
sembly 350. . 
[0317] As the radial distance (X) shown in Fig. 69 between the rotational axis 344 and the thrust bearing member 
214 increases, SF1 increases, and vice versa. It is therefore desirably to locate the thrust bearing member 214 close 
to the rotational axis, thereby reducing distance (X). However, as the radial distance (X) decreases, SF2 increases, 
and vice versa. Therefore, in selecting (X), a tradeoff between decreasing SF1 and increasing SF2 must be made. The 
thrust angle a of the member 214 must also be taken into account in the distribution of stresses. 
[0318] As the axial distance (Y) shown in Fig. 69 between the bottom of the lower support element 206 and the thrust 
bearing member 214 decreases, SF1 increases, and vice versa. It is therefore desirably to locate the thrust bearing 
element 214 axially away from the bottom of the lower support member 206, thereby increasing the distance (Y). 
However, as the axial distance (Y) increases, SF2 increases, and vice versa. Therefore, in selecting (Y), a tradeoff 
between decreasing SF1 and increasing SF2 must again be made. 

[0319] As distances (X) and (Y) change, so too do the radial distance (Z) and the axial distance (A) shown in Fig. 
69. Distance (Z)is the maximum radial spacing between the axis of rotation 344 and the umbilicus 24. Distance (A) is 
the maximum axial spacing between the bottom of the lower support member 206 and the umbilicus 24. 
[0320] Distances (A) and (Z) govern the clearance between the umbilicus 24 and the chamber assembly 350. These 
distances (Z) and (A) dictate the overall geometry and size of the space surrounding the chamber assembly 350. 
[0321] In selecting an optimal design, the following criteria are considered important: 

(1) Given the modulus of the umbilicus 24 made according to the illustrated and preferred embodiment, and fac- 
toring in a safety margin, the SF1 force on the umbilicus (expressed in terms of a von Mises stress) should not 
exceed about 3.889. 10 6 pascals (564 pounds per square inch (PSI)). This factor can, of course, vary according 
to the particular construction and materials used in making the umbilicus 24. 

(2) Given the construction and materials of the thrust bearing member 214 made according to the illustrated and 
preferred embodiment, and again factoring a salety margin, the total load on the thrust bearing member 214 (as 
measured along the axis of the bearing member 214 should not exceed 44N (10 pounds). This lactor can, of 
course, vary according to the particular construction and materials used in making the thrust bearing member 214. 

(3) Given that desired physical layout and dimensions of the centrifuge 230 should meet the criteria of portability 
and compactness, the distance (Z) should be less than about 14.0 cm (5.5 inches). The distance (A) should be 
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greater than about 0.6 cm (0.25 inch) to provide enough clearance about the bottom and sides of the rotating 
centrifuge 230 during use. 

[0322] Table 3 summarizes the variations in stresses observed with changes in position and thrust angle a of the 
thrust bearing element 214 based upon the same mathematical model. 
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lumens) was made of Hytrel® 4056 Plastic Material. 
It was attached to the centrifuge as shown in Fig. 
69 and rotated at 2000 RPM The umbilicus included 
an upper and lower support member 204 and 206 , each 
made of Hytrel* 8122 Plastic Material. The upper 
support member 204 also includes a tapered strain 
relief sleeve 214 as described in Table l. In Table 
3, "Bottom" designates the overall length of the 
umbilicus, in inches, measured from the lower 
support member 206 to the thrust bearing member 214. 
In Table 2, "Top" designates the overall length of 
the umbilicus, in inches, measured from the upper 
support member 204 to the thrust bearing member 214. 
2/3/4. X # Y and angle a are designated in Fig. 

69. - 

5. The load calculations were performed for 
the top and bottom umbilicus regions separately.. 
Therefore, the total load on the thrust bearing 
member 214 is the sum of the loads from the top and 
bottom umbilicus regions. 

6. Stresses (in psi) indicated maximum von 
Mises stresses measured at the upper support member 
204 (for the top umbilicus region) and at the lower 
support member 206 (for the bottom umbilicus re- 
gion) . 

[0323] Table 3 shows that, tor an umbilicus having a total overall length of 4.1.3 cm (16.25"), it should have an 27.9 
cm (11") top region and a 13.3 cm (5.25") bottom region, and the thrust bearing member 214 should be oriented to 
provide a Distance (X)ot 10.3cm (4-1/16'); a Distance (Y) of 2.5 cm (1 .0"); and a thrust angle a of 30°. This configuration 
yielded the lowest maximum tubing stress of 4.006.10 6 pascals (581 psi). The total axial load of 42 N (9.41 Ibf (6.84 
+ 2.57)), was close to the design limit of 44 N (10 Ibf). 

[0324] Table 4 is another summary of the variations in stresses observed with changes in position and thrust angle 
a of the thrust bearing member 214 based upon the same mathematical model. 
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lumens) wa6 made of Hytrel® 4056 Plastic Material. 
It was attached to the centrifuge as shown in Fig. 
69 and rotated at 1800 RPM *« The umbilicus included 
an upper and lower support member 204 and 206, each 
made of Hytrel® 8122 Plastic Material. The upper 
support member 204 included a tapered strain relief 
sleeve 214. In Table 4, "Bottom 11 designates the 
overall length of the umbilicus, in inches, measured 
from the lower support member to the thrust bearing 
element. In Table 4, "Top" designates the overall 
length of the umbilicus, in inches, measured from 
the upper support member to the thrust bearing 
member 214. 

2/3/4. X, Y and angle a are designated in 
Fig. 69. 

5. The load calculations were performed by 
analyzing the entire umbilicus together, instead for 
the top and bottom umbilicus regions separately. 
Unlike the configuration described in Table 3, in 
Table 4, the thrust bearing member 214 was left free 
assume its own thrust angle a during rotation. 

6. Stresses (in psi) indicated the maximum von 
Mises stresses measured at the lower support member. 

[0325] In Table 4, all loads on the thrust bearing member 214 were below the design limit of 44 N (10 Ibt). The trust 
bearing member 214 location where Distance (Y) = 1 A cm (0.546"); Distance (X) = 10.2 cm (4 B ); and thrust angle a = 
51 .3°; and where the top umbilicus region was 28.6 cm (11 .25") and the bottom umbilicus region was 1 3.3 cm (5.25°), 
gave the lowest maximum von Mises stress of 4.633. 10 6 pascals (672 psi). However, for this umbilicus configuration, 
the radial distance (Z) was 14.4 cm (5.665 n ), which exceeded the design limit of 14 cm (5.5 M ). For this reason, the 
orientation with the next lowest stress giving a radial Distance (Z) less that 14 cm (5.5") was chosen, as italicized in 
Table 4. 

[0326] Comparing Tables 3 and 4, it can be seen that fixing the thrust angle a instead of allowing the thrust bearing 
member 214 to assume a thrust angle a during rotation can reduce the maximum stress, although fixing the thrust 
angle a may increase the axial load of the bearing member 214. 

[0327] In a preferred structural embodiment, the main body 200 of the umbilicus 24 measures 42.5 cm (16.75 inches) 
end to end. The overall length of the umbilicus 24, measured between the top and bottom block members 204 and 
206 is 45.1 cm (17.75 inches). The distance between the bottom block 206 and the thrust bearing member 214 is 12.9 
cm (5-3/32 inches). In Use, the Dimension (X) is 10.2cm (4.0 inch); the Distance (Y) is 1 .4 cm (0.546 inch); the Distance 
(Z) about 1 2.8 cm (5.033 inches). The length of the tapered sleeve 21 2 is 4.6 cm (1 .8 inch). In the preferred arrangement, 
the thrust bearing member 214 is fixed at a thrust angle a during rotation of 53.8°. 

lit. SET-UP AND DISPOSAL OF SYSTEM 

[0328] Figs. 70 to 75 show the details of loading a representative processing assembly 1 4 on the centrifuge 16. 
[0329] The user preferably begins the set-up process by placing a template 408 over the sloped front panel of the 
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centrifuge assembly (see Fig. 70). The template 408 includes cut-out portions 432 that nest over the cassette holding 
stations 236A/B/C and other operating components on the sloped front panel 238 of the centrifuge cabinet 228. 
[0330] A layout 444 for the fluid circuit 18 is also printed on the template 408. The layout 444 shows the paths that 
the tubing branches attached to the cassettes 22A/B/C should take when the fluid circuit assembly 14 is properly set- 
5 up for use. 

[0331] Next (see Fig. 71 ), the user selects the tray 26 holding the fluid circuit assembly 1 4 for the desired procedure. 
After removing the overwrap 162, the user places the selected tray 26 on the template 408 on the front panel 238. 
[0332] The complementing orientation of the sloped front panel 230 and the tilted rotational axis 344 of the centrifuge 
230 conserve both vertical height and horizontal depth, as previously described. Thus, as Figs. 71 to 73 show, a typical 
10 user can reach all the operating components on the front panel 230 to nest the tray 26 upon the cassette holding 
stations 236 without overreaching or extending his or her body. 

[0333] As Fig. 71 shows, at this point in the loading process, the user does not press the cassettes 22A/B/C into 
operative engagement on the holding stations 236, but merely rests them atop the stations 236. 
[0334] With the tray 26 resting upon, but yet engaged by, the holding stations 236, the user removes the containers 
is 20 from the topmost layer 1 68 of the tray 26 (see Fig. 72). The user hangs the containers 20 on the designated hangers 
on the centrifuge assembly 12. As before noted, the typical user can reach these areas of the centrifuge assembly 12 
with over-extension or reaching. 

[0335] The removal of the containers 20 presents the middle layer 166 of the tray 26 to the user. The processing 
chamber 16, umbilicus 24, and attached tubing branches of the fluid circuit 18 occupy this layer. 

20 [0336] As Fig. 73 shows, the user unpacks the fluid circuit 18. Following the template layout 444, the user lays the 
fluid circuit 18 out upon the front panel 238, making connections as required with the clamps 240 and sensors 244. 
[0337] As Fig. 74 shows, the user next folds open the door 234 to gain for access to the compartment 232 and the 
centriluge 230 it holds. As previously described, the mutual orientation between the sloped front panel 238 and the 
tilted rotational axis 344 of the centrifuge 230 allow the typical user access to the chamber assembly 350 without 

25 bending or stooping. 

[0338] The user pivots the first umbilicus mount 392 into its loading position and opens the clamp 400 (as Fig. 74 
shows). The user then pivots the yoke cross arm 360 to place the chamber assembly 350 into its upward facing ori- 
entation. The user next moves the spool 376 into its uplifted position for receiving the processing chamber 16. 
[0339] The user wraps the processing chamber 16 about the upraised and open spool 376. The user clamps the 
30 umbilicus supports 204 and 206 and thrust bearing member 214 into their designated mounts, respectively 392, 396, 
and 394. Then, the user moves the spool 376 into its closed operating position. The user pivots and latches the yoke 
cross member 360 into its downward facing operating position. The user closes the door 234 to the centrifuge com- 
partment 232. 

[0340] The removal of the processing chamber 16, umbilicus 24, and tubing 18 from the tray 26 in the proceeding 
35 steps presents the bottommost layer 164 of the tray 26 to the user. The cassettes 22A/B/C occupy this layer 164. 
[0341] As Fig. 75 shows, the user presses down upon the cassettes 22A/B/C, placing them into operative engage- 
ment with the stations 236. The user completes the set up by operating the pump modules 254 to load the tubing loops 
134 and 136 of each cassette 22A/B/C onto the pump rotors 298, as previously described. 

[0342] The set up is now complete. The controller 246 proceeds to govern the operation of the centrifuge assembly 
40 12 to carry out the desired procedure. 

[0343] Figs. 76 to 79 show the steps the user follows in disposing of the processing assembly 1 4 when the procedure 
is completed. 

[0344] As Fig. 76 shows, with the tray 26 supported on the front panel 236 of the centrifuge cabinet 228, the user 
collects the components of the fluid circuit assembly 14 in the tray 26 for disposal. The user can remove the cassettes 
45 22A/B/C from the holding stations 236, freeing them from the cut-outs 1 50A/B/C in the tray. Once freed, the cassettes 
22A/B/C can be stacked one atop the other in the tray 26 (as Fig. 76 shows). Alternatively, the user can -keep the 
cassettes 22A/B/C in place within the tray 26. 

[0345] The user then unloads the centrifuge 230, freeing the processing chamber 26 and umbilicus 24 and placing 
them in the tray 26 (as Fig. 77 shows). The remaining tubing 1 8 and containers 20 are collected and placed in the tray 26. 
50 [0346] As Fig. 78 shows, the user lifts the tray 26 and the fluid circuit assembly 1 4 carried within it from the centrifuge 
assembly 12. The user carries the tray 26 to a receptacle 410 and up-ends the tray 26 to dump the components 14 
from it. 

[0347] As Fig. 79 shows, once unloaded, the trays 26 can nested together and stored for return to the manufacturer 
for repacking, sterilization, and reuse. The trays 26 can also be sent to a recycling facility. 
55 [0348] Alternatively, the user can dispose of both the tray 26 and components 1 4 at the same time. 
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Claims 

1. A blood processing assembly comprising a separation element (16) for separating blood from a source into a first 
component and a second component, a fluid path (18) for conveying blood between the source and the separation 

5 element (16), the fluid path (18) including an in-line cassette (22) having a housing (110) defining an interior, first 

(T4) and second (T5) pump ports on the housing (110), a first flexible tubing loop (1 34) extending between the first 
(T4) and second (T5) pump ports externally from the housing (110) for engagement with an external peristaltic 
pumping element (292), a liquid port (T1 to T3.T8 to T10) on the housing (110) attachable to a length of tubing 
(154) that extends externally from the housing (110) and forms a part of the associated fluid path (18), liquid 

io passages (F1 to F1 9) formed within the housing (110) and communicating with the liquid port (T1 to T3.T8 to T10), 

the first pump port (T4), and the second pump port (T5), and valve means (V1 to V10) formed within the housing 
(110) for controlling liquid flow through the liquid passages (F1 to F19) and through the associated fluid path (18), 
characterised in that the housing (110) of the cassette (22) has an interior wall (534) that divides the housing (110) 
into a first interior area (114) and a second interior area (112), the liquid passages (F1 to F1 9) being formed within 

is the first interior area (114) and the valve means (VI to. V10) being formed within the second interior area (112), 

and a first generally rigid wall (118) overlies the first interior area (114) and externally seals the liquid passages 
(Fl to F19), and a second generally flexible wall (116) overlies the second interior area (112) and externally seals 
the valve means (V1 to V10), the second wall (116) flexing in response to external force applied for opening and 
closing the valve means (V1 to V10). 

20 

2. A blood processing assembly according to Claim 1 , wherein the cassette (22) has a sensing chamber (S1 to S4) 
formed within the housing (110) along at least one liquid passage (F1 to F19), and the sensing chamber (S1 to 
S4) includes means for transmitting liquid pressure present within the liquid passage (F1 to F19) to an external 
sensing element PS1 to PS4). 

25 

3. A blood processing assembly according to Claim 2, wherein the sensing chamber (S1 to S4) is formed within the 
second interior area (112) and the generally flexible wall (116) overlies and externally seals the sensing chamber 
(S1 to S4), the generally flexible wall (116) flexing in response to liquid pressure present within the liquid passage 
(F1 toF19). 

30 

4. A blood processing assembly according to any preceding claim, wherein the housing (110) of the cassette (22) 
has side walls (1 30 A, 1 30B,1 32 A, 1 32B) and the first (T4) and second (T5) pump ports are on one side wall (1 30A). 

5. A blood processing assembly according to Claim 4, wherein the cassette (22) further includes third (T6) and fourth 
35 (T7) pump ports on the side wall (130B) of the housing (110) opposite to said side wall (130A) having said first 

(T4) and said second (T5) pump ports, a second flexible tubing loop (1 36) that extends between the third (T6) and 
fourth (T7) pump ports externally from the housing (110) for engagement with a second external peristaltic pump 
rotor (298), and the liquid passages. (F1 to F19) formed within the housing (110) communicate with the third (T6) 
and the fourth (T7) pump ports. 

40 

6. A blood processing assembly according to any preceding ctaim, wherein said fluid path (1 8) comprises a first fluid 
path portion for conveying blood from the source to the separation element (16), a second fluid path portion for 
conveying the first component from the separation element (1 6), a third fluid path portion for conveying the second 
component from the separation element (16), and the first, second and third fluid path portions including, respec- 
ts tively, first (22A), second (22B), and third (22C) cassettes. 

7. A blood processing assembly according to Claim 6, wherein the second fluid path portion and the second cassette 
(22B) convey the first component from the separation element (16) in a way that bypasses the first fluid path 
portion, thereby isolating the first component from the source blood, and wherein the third fluid path portion and 

so the third cassette (22C) conveys the second component from the separation element (1 6) in a way that bypasses 
the first and second fluid path portions, thereby isolating the second component from the first component and the 
source blood. 

8. A blood processing assembly according to any preceding claim, wherein the separation element (16) is a container 
55 disposable in a centrifuge for centrifugal separation. 

9. A blood processing assembly according to any preceding claim, wherein the assembly forms a sterile blood flow 
path essentially. closed to communication with the atmosphere. 
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10. A blood processing assembly according to any one of Claims 1, 2, or 3, in combination with an operating means 
(236 A ( B,C), the operating means (236 A,B,C) including a gripping element (256) for holding the cassette (22) in 
a desired orientation, a peristaltic pumping element (292) arranged adjacent the gripping element (256) for en- 
gagement with the first flexible tubing loop (134) and for pumping fluid through the liquid passages (F1 to F19). 
when the cassette (22) is in the desired orientation on the operating means (236 A,B,C), a valve actuating element 
(PA1 to PA10) arranged with respect to the pumping element (292) for registering with and applying external force 
to the cassette valve means (VI to V1 0) when the cassette (22) is in the desired orientation on the operating means 
(236 A.B.C). 

• * / 

11. A blood processing assembly according to Claim 5 in combination with the operating means according to Claim 
10, wherein the pumping element (292) comprises oppositely spaced pump rotors (298) that simultaneously en- 
gage, respectively, the first flexible tubing loop (1 34) and the second flexible tubing loop (1 36) when the cassette 
(22) is in the desired orientation on the operating means (236 A,B,C). 

12. A blood processing assembly according to Claim 10 or 11, as appendant to Claim 2, or 3, wherein the operating 
means (236 A,B,C) includes a sensing element (PS1 to PS4) arranged with respect to the pumping element (292) 
for registering with and sensing liquid pressure transmitted by the cassette sensing chamber (S1 to S4) when the 
cassette (22) is in the desired orientation on the operating means (236 A.B.C). 



Patentanspruche 

1. Blutaufbereitungssystem umfassend ein Trennteil (16) zur Auftrennung von Blut aus einer Quelle in eine erste 
Komponente und eine zweite Komponente, einen Fluidweg (18) zur Beforderung von Blut zwischen der Quelle 
und dem Trennteil (16), wobei der Fluidweg (18) eine In-line-Kassette (22) mit einem einen Innenraum definieren- 
den Gehause (110) aufweist,' erste (T4) und zweite (T5) Pumpenanschlusse an dem Gehause (110), eine erste 
flexible Ringschlauchleitung (134), die zwischen der ersten (T4) und zweiten (T5) Pumpenoffnung auBerhalb des 
Gehauses (110) verlauft, zum AnschluB an eine auBere peristaltische Pumpe (292), eine Fluidoffnung (T1 bis T3, 
T8 bis T10) am Gehause (110), die an ein Schlauchteil (154) anschlieBbar ist, das auBerhalb des Gehauses (110) 
verlauft und einen Teil des verbundenen Fluidweges (18) bildet, innerhalb des Gehauses (110) ausgebildete Flus- 
sigkeitspassagen (F1 bis F19), die mit der Flussigkeitsoffnung (T1 bis T3, T8 bis T10), dem ersten Pumpenan- 
schluB (T4) und dem zweiten PumpenanschiuB (T5) kommunizieren, und Ventileinrichtungen (V1 bis V10), die 
innerhalb des Gehauses (110) ausgebildet sind, urn den FlussigkeitsdurchfluB durch die Flussigkeitspassagen 
(F1 bis F19) und durch den verbundenen Flussigkeitsweg (18) zu regulieren, dadurch gekennzeichnet, daB das 
Gehause (110) der Kassette (22) eine Innenwand (534) aufweist, die das Gehause (110) in einen ersten Innen- 
bereich (114) und einen zweiten Innenbereich (112) teilt, wobei die Flussigkeitspassagen (F1 bis F19) innerhalb 
des ersten Innenbereichs (114) und die Ventileinrichtungen (V1 bis V10) innerhalb des zweiten Innenbereichs 
(112) ausgebildet sind, und eine erste im wesentlichen starre Wand (118) uber dem ersten Innenbereich (114) 
liegt, und die Flussigkeitspassagen (F1 bis F19) auBen abdichtet, und eine zweite im wesentlichen flexible Wand 
(116) uber dem zweiten Innenbereich (112) liegt und die Ventileinrichtungen (V1 bis V10) auBen abdichtet, wobei 
sich die zweite Wand (116) als Reaktion auf eine angelegte auBere Kraft biegt. urn die Ventileinrichtung (V1 bis 
V10) zu offnen und zu schlieBen. 

2. Blutaufbereitungssystem nach Anspruch 1, dadurch gekennzeichnet, daB die Kassette (22) eine innerhalb des 
Gehauses (110) entlang mindestens einer Flussigkeitspassage (F1 bis F19) ausgebildete MeBkammer (S1 bis 
S4) aufweist, und die MeBkammer (S1 bis S4) Mittel aufweist, urn einen innerhalb der Flussigkeitspassage (F1 
bis F19) vorhandenen Flussigkeitsdruck an ein auBeres MeBelement (PS1 bis PS4) zu Obertragen. 

3. Blutaufbereitungssystem nach Anspruch 2, dadurch gekennzeichnet, daB die MeBkammer (S1 bis S4) innerhalb 
des zweiten Innenbereichs (11 2) ausgebildet ist, und die im wesentlichen flexible Wand (116) uberder MeBkammer 
(S1 bis S4) liegt und diese auBen abdichtet, und sich die im wesentlichen flexible Wand (116) als Reaktion auf 
den in der Flussigkeitspassage (F1 bis F19) vorhandenen Flussigkeitsdruck biegt. 

4. Blutaufbereitungssystem nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB das Gehau- 
se (110) der Kassette (22) Seitenwande (130A, 130B, 132A, 132B) aufweist, und die erste (T4) und die zweite 
(T5) Pumpenoffnung sich auf einer Seitenwand (130A) befinden. 

5. Blutaufbereitungssystem nach Anspruch 4, dadurch gekennzeichnet, daB die Kassette (22) ferner dritte (T6) und 
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vierte (T7) Pumpenoffnungen an der Seitenwand (130B) des Gehauses (110) gegenuber der Seitenwand (130A) 
mil der erslen (T4) und der zweiten (T5) Pumpenoffnung aufweist, eine zweite flexible Schlauchringleltung (1 36), 
die zwischen der dritten (T6) und vierten (T7) Pumpenoffnung auBerhalb des Gehauses (110) zur Verbindung mit 
einem zweiten auBeren peristallischen Pumpenrotor (298) veriault, und die innerhalb des Gehauses (110) aus- 
gebildeten Flussigkeitspassagen (F1 bis F1 9) mit der dritten (T6) und der vierten (T7) Pumpenoffnung kommuni- 



zieren. 



6. Blutauf bereitungssystem nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB der Fluidweg 
(18) einen ersten Fluidwegbereich aufweist, urn Blut von der Quelle zum Trennteil (1 6) zu befordern, einen zweiten 

10 Fluidwegbereich, urn die erste Komponente vom Trennteil (16) zu befordern, einen dritten Fluidwegbereich, urn 

die zweite Komponente vom Trennteil (16) zu befordern, und der erste, zweite und dritte Fluidwegbereich eine 
erste (22A), zweite (22B) bzw. dritte (22C) Kassette aufweist. 

7. Blutaufbereitungssystem nach Anspruch 6, dadurch gekennzeichnet, daB der zweite Fluidwegbereich und die 
is zweite Kassette (22B) die erste Komponente vom Trennteil (16) auf einem Weg befordern, der den ersten Fluid- 
wegbereich umgeht, wodurch die erste Komponente vom Blut der Quelle isoliert wird, und worin der dritte Fluid- 
wegbereich und die dritte Kassette (22C) die zweite Komponente vom Trennteil (16) auf einem Weg befordern, 
der den ersten und zweiten Fluidwegbereich umgeht, wodurch die zweite Komponente von der ersten Komponente 
und dem Blut der Quelle isoliert wird. 



20 



8. Blutaufbereitungssystem nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB das Trennteil 
(16) ein Behalter ist, der zur zentrifugalen Trennung in einer Zentrifuge anbringbar ist. 

9. Blutaufbereitungssystem nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB das System 
25 einen gegenuber der Atmosphare im wesentlichen geschlossenen sterilen BlutdurchfluBweg ausbildet. 

10. Blutaufbereitungssystem nach einem der Anspruche 1 , 2 oder 3, in Kombination mit einer Bedienungseinrichtung 
(236 A.B.C), wobei die Bedienungseinrichtung (236 A.B.C) eine Halterung (256) zum Halten der Kassette (22) in 
einer gewunschten Orientierung aufweist, eine peristaltische Pumpe (292) benachbart zur Halterung (256) zur 

30 Verbindung mit der ersten flexiblen Schlauchringieitung (1 34) angeordnet ist, und urn Fluid durch die Flussigkeits- 

passagen (F1 bis F1 9) zu pumpen, wenn die Kassette (22) sich auf der Halterung (236 A,B,C) in der gewunschten 
Orientierung befindet, eine Ventilbetatigungseinrichtung (PA1 bis PA10) im Hinblick auf die Pumpe (292) so an- 
geordnet ist, urn eine auBere Kraft auf die Kassettenventileinrichtungen (V1 bis V10) anzuzeigen und zu applizie- 
ren, wenn die Kassettte (22) sich auf der Bedienungseinrichtung (236 A.B.C) in der gewunschten Orientierung 

35 befindet. 

11. Blutaufbereitungssystem nach Anspruch 5 in Kombination mit der Bedienungseinrichtung nach Anspruch 10, da- 
durch gekennzeichnet, daB die Pumpe (292) gegenuberliegend beabstandete Pumpenrotoren (298) aufweist, die 
gleichzeitig in die erste flexible Schlauchringieitung (134) bzw. die zweite flexible Schlauchringieitung (136) ein- 

40 greifen, wenn die Kassette (22) sich auf der Bedienungseinrichtung (236 A.B.C) in der gewunschten Orientierung 

befindet. 

12 Blutaufbereitungssystem nach Anspruch 10 oder 11, wenn abhangig von Anspruch 2 oder 3, dadurch gekenn- 
zeichnet, daB die Bedienungseinrichtung (236 A.B.C) ein MeBelement (PS1 bis PS4) aufweist, das im Hinblick 
45 aul die Pumpe (292) so angeordnet ist, urn den von der Kassetten-MeBkammer (S1 bis S4) ubertragenen FIOs- 

sigkeitsdruck anzuzeigen und zu messen, wenn die Kassette (22) sich auf der Bedienungseinrichtung (236 A,B, 
C) in der gewunschten Orientierung befindet. 

so Revendications 

1 Ensemble de traitement de sang comprenant un element de separation (16) destine a separer le sang d'une source 
en un premier composant et un second composant, un circuit de fluide (18) destine a transferer le sang entre la 
source et ^element de separation (16), le circuit de fluide (18) comprenant une cassette en ligne (22) comportant 
55 un boitier (110) definissant un interieur, un premier (T4) et un deuxieme (T5) orifices de pompe sur le bottier (110), 

une premiere boucle de tuyauterie flexible (134) s'etendant entre le premier (T4) et le deuxieme (T5) orifices de 
pompe vers Texterieur a partir du bottler (110) de maniere a venir en contact avec un element de pompe peristaltique 
externe (292), un orifice de liquide (T1 a T3, T8 a T10) sur le boitier (110) pouvant etre fixe sur un segment de 
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tuvauterie (154) qui s'etend vers I'exterieur a partir du bottier (110) et forme une partie du circuit de fluide associe 
(18) des passages de liquide (F1 a F19) formes a I'interieur du bottier (110) et communiquant avec 1'onf.ce de 
liquide (T1 a T3 T8 a T1 0). le premier orifice de pompe (T4) et le deuxieme orifice de pompe (T5), et des moyens 
formant vanne (VI a V10) formes a I'interieur du bottier (110) afin de commander le trajet de liquide k travers les 
passages de liquide (F1 a F19) et a travers le circuit de fluide (18) associe. caracterise en ce que le bottier (110) 
de la cassette (22) presente une paroi interieure (534) qui divise le bottier (110) en une premiere zone .nterieure 
(114) et une seconde zone interieure (112), les passages de liquide (F1 a F19) etant formes a I'inteneur de la 
premiere zone interieure (114) et les moyens formant vanne (VI k V10) etant formes a I'interieur de la seconde 
zone interieure (112), et une premiere paroi relativement rigide (118) recouvre la premiere zone interieure 4 
et realise fetancheite externe des passages de liquide (F1 a F1 9), et une seconde paroi relativement flextole (116) 
recouvre la seconde zone interieure (112) et realise I'etancheite externe des moyens formant vanne (V1 a V10), 
la seconde paroi (116) flechissant en reponse a un effort externe applique pour assurer I'ouverture et la fermeture 
des moyens formant vanne (V1 a V10). 

Ensemble de traitement de sang selon la revendication 1. dans lequel la cassette (22) comporte une ch lambre de 
detection (S1 a S4) formee a I'interieur du bottier (110) le long d'au moins un passage de liquide (F1 a F19), et la 
chambre de detection (S1 a S4) comprend un moyen destine a transmettre la pression de liqu.de presente a 
I'interieur du passage de liquide (F1 a F19) a un element de detection externe (PS1 a PS4). 

Ensemble de traitement de sang selon la revendication 2, dans lequel la chambre de detection (S1 a S4) est 
formee a I'interieur de la seconde zone interieure (112) et la paroi relativement rigide (116) recouvre la chambre 
de detection (S1 a S4) et realise I'etancheite externe de celled, la paroi relativement flexible (116) flechissant en 
fonction de la pression de liquide presente a I'interieur du passage de liquide (Fl a F19). 

Ensemble de traitement de sang selon I'une quelconque des revendications precedentes, dans lequel le bottier 
' (110) de la cassette (22) comprend des parois laterales (1 30A, 1 30B, 1 32A, 1 32B) et les premier (T4) et deux.eme 
(T5) orifices de pompe sont situes sur la premiere paroi laterale (130A). 

Ensemble de traitement de sang selon la revendication 4, dans lequel la cassette (22) comprend, en outre, des 
' troisieme (T6) et quatrieme (T7) orifices de pompe sur la paroi laterale (1 30B) du bottier (110) opposee a , ladi te 
paroi laterale (1 30A) comprenant (edit premier (T4) et ledit deuxieme (T5) orifices de pompe, une seconde boucle 
de tuyauterie flexible (1 36) qui s'etend entre le troisieme (T6) et quatrieme (T7) orifices de pompe vers I ext6rieur 
a partir du bottier (110) de maniere a venir en contact avec un second rotor de pompe p6nstaltique externe (298) 
et les passages de liquide (F1 a F19) formes a I'interieur du bottier (110) communiquent avec le troisieme (T6) et 
le quatrieme (T7) orifices de pompe. 

6 Ensemble de traitement de sang selon I'une quelconque des revendications P r6c6dentes, dans lequel ledit circuit 
de fluide (18) comprend une premiere partie de circuit de fluide destinee a transferer le sang depuis la source vers 
|'6l6ment de separation (16), une deuxieme partie de circuit de fluide destinee a transferer le premier composant 
k partir de ('element de separation (16), une troisieme partie de trajet destinee a transferer le second composant 
k partir de I'element de separation (16) et les premiere, deuxieme et troisieme parties de circuit de fluide compre- 
nant respectivement des premiere (22A), deuxieme (22B) et troisieme (22C) cassettes. 

7 Ensemble de traitement de sang selon la revendication 6, dans lequel la deuxieme partie de circuit de fluide et la 
" deuxieme cassette (22B) transferent le premier composant k partir de lament de separation (1 6) d une maniere 

qui contourne la premiere partie de circuit de fluide. isolant de cette maniere le premier composant du sang de la 
source et dans lequel la troisieme partie de circuit de fluide et la troisieme cassette (22C) transferent le second 
composant a partir de lament de separation (1 6) d'une maniere qui contourne les premiere et deux.eme parties 
de circuit de fluide. isolant ainsi le second composant du premier composant et du sang de la source. 

8 Ensemble de traitement de sang selon I'une quelconque des revendications pr6cedentes, dans lequel l'6lement 
de separation (16) est un conteneur jetable dans une centrifugeuse destinee k la separation centrifuge. 

9 Ensemble de traitement de sang selon I'une quelconque des revendications pr6cedentes, dans lequel I'ensemble 
forme un circuit d'6coulement de sang sterile, globalement isoie de la communication avec I'atmosphere. 

10 Ensemble de traitement de sang selon I'une quelconque des revendications 1, 2 ou 3, associe k un moyen d'ac- 
tivation (236A, 236B, 236C), le moyen d'activation (236A, 236B, 236C) comprenant un element de sais.e (256) 
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destine & maintenir la cassette (22) suivant une orientation desiree, un element de pompe peristaltique (292) 
agence de maniere adjacente k I'element de saisie (256) afin de venir en contact avec la premiere boucle de 
tuyauterie flexible (134) et de pomper le fluide a travers les passages de liquide (F1 a F.19) lorsque la cassette 
(22) presente I'orientation desiree sur le moyen d'activation (236A, 236B, 236C), un element d'activation de vanne 
(PA1 & PA1 0) agence par rapport a I'element de pompe (292) de maniere a corresponds avec les moyens fonmant 
vanne de cassette (V1 h V10) et k appliquer un effort externe sur ceux-ci lorsque la cassette (22) presente I'orien- 
tation desiree sur le moyen d'activation (236A, 236B, 236C). 

11 Ensemble de traitement de sang selon la revendication 5, associe au moyen d'activation selon la revendication 
10 dans lequel I'element de pompe (292) comprend des rotors de pompe en regard espaces (298) qui viennent 
simultanement en contact, respecth/ement avec la premiere boucle de tuyauterie flexible (134) et avec la seconde 
boucle de tuyauterie flexible (136) lorsque la cassette (22) presente I'orientation desiree sur le moyen d'actrvation 
(236A, 236B, 236C). 

12 Ensemble de traitement de sang selon la revendication 10 ou 11 , lorsqu'elle depend de la revendication 2 ou 3, 
dans lequel le moyen d'activation (236A, 236B, 236C) comprend un element de detection (PS1 k PS4) agence 
par rapport & I'element de pompe (292) de maniere a corresponds a la chambre de detection de cassette (S1 a 
S4) et & detecter la pression de liquide transmise par celled lorsque la cassette (22) presente I'orientation desiree 
sur le moyen d'activation (236A, 236B, 236C). 



33 



EP 0 686 237 B1 

FIG.1 




EP 0 686 237 B1 




EP 0 686 237 B1 




36 



EP 0 686 237 B1 




37 



EP 0 686 237 B1 




38 



EP 0 686 237 B1 




39 



EP 0 686 237 B1 




EP 0 686 237 B1 




41 



EP 0 686 237 B1 




EP 0 686 237 B1 




43 



EP 0 686 237 B1 




44 



EP 0 686 237 B1 




45 



EP 0 686 237 B1 




EP 0 686 237 B1 




47 



EP 0 686 237 B1 




48 



EP0 686 237 B1 




49 



EP 0 686 237 B1 




50 



EP 0 686 237 B1 




51 



EP 0 686 237 B1 




52 



EP 0686 237 B1 




53 



EP 0 686 237 B1 




54 



EP 0 686 237 B1 




55 



EP 0 686 237 B1 




56 



EP 0 686 237 B1 



FIG. 2T 

V V\S5* 266 30(K 298^ 304^ 22A 
yv£>^ /282 / >268 N 




ffl-^278 



236 A v 




57 



EP 0 686 237 B1 




58 



EP 0686 237 B1 




59 



EP 0 686 237 B1 




60 



EP 0 686 237 B1 




61 



EP0 686 237 B1 




62 



EP 0 686 237 B1 



FI G. 45 




EP 0 686 237 B1 




64 



EP 0 686 237 B1 




65 



EP 0 686 237 B1 




EP 0 686 237 B1 




67 



EP 0 686 237 B1 




EP0 686 237 B1 




69 



EP 0686 237 B1 




EPO 686,237 B1 



FIG. 59 




71 



EP 0 686 237 B1 




EP 0 686 237 B1 




EP 0 686 237 B1 




EP 0 686 237 B1 




75 



EP 0 686 237 B1 





77 




78 




79 



EP 0 686 237 B1 




